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IN a previous paper (7) the results of a study of the pollen 
of certain Asclepiadaceae were published, and during that investi- 
gation the remarkable structure of some of the floral organs 
attracted attention. The present paper is the result of their study. 

The species studied were Asclepias Cornutt Dec., A. Sullivantii 
Engelm., A. rubra L., A. phytolaccoides Pursh, A. tuberosa L., A. 
tncarnata L., A. obtusifolia Michx., A. verticillata L., Acerates 
longifolia Ell., and A. viridifora Eaton. The material was all 
collected in the vicinity of Chicago, and in the field plunged into 
weak chromo-acetic acid. The safranin, gentian-violet, orange 
combination proved to be the best stain for critical work, 
although it was often better to omit the orange. The stages 
were most completely followed in A. Cornuti, and the following 
account applies to it unless otherwise stated. The chief diffi- 
culty lies in the small size of the embryo sac. A. Sullivantit 
is a better form, since it has a larger flower, but it was not found 
in time for young stages. The other species were examined for 
comparison, and show essential similarity; but any important 
disagreement is noted. 

The family has received considerable attention, but aside 
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from taxonomy most of it has centered about the latex and the 
pollinia. Chauveaud is the only recent writer who has examined 
the embryo sac. The latex will not be considered in this paper, 
except incidentally ; and pertinent literature will be noted under 
the different topics. Schacht (10) states that in A. Cornutt the 
primordia of each set of floral members arise simultaneously and 
separately, while the sets arise in centripetal succession. Chau- 
veaud (3) reports the centripetal order in Cynanchum L. (Vin- 
cetoxicum Moench). Payer* is referred to in this connection, 
but his book was not accessible. 

From the upper surface of the somewhat swollen mass of 
meristematic tissue destined to bear the flowers of the umbel 
many hemispherical projections arise, each of which gives rise 
to a single flower. The outer ones are the first formed. This 
agrees with the centripetal order of opening of the buds in the 
umbel. Each flower grows from the axis of a bract which 
slightly precedes it in origin. One might expect that a careful 
investigation of an hypogynous, apocarpous, actinomorphic, 
almost polypetalous flower would reveal its acyclic ancestry, but 
in no case could any precedence be noted among members of 
the same set, nor any confluence of primordia. The umbels in 
A. tuberosa are terminal, as shown by longitudinal sections 
through the stem tip (fig. z), and the same is probably true of 
the other species. 

About the time the carpels appear, the calyx begins a growth 
of epidermal hairs (fig. 2), mostly on the dorsal surface. Later, 
when the sepals are reflexed, hairs are also formed on their ven- 
tral surfaces, which are then exposed. The sepals are reflexed 
with the petals at the time of the opening of the bud, but after 
the latter drop off, the former fold tightly up against the carpels. 
In this second closing their function is again probably protec- 
tive. The reflexion of the sepals and petals seems to be due to 
turgescence of cells on their adaxial sides near the base. It is 
suggested that perhaps the exposure of the adaxial surface of 
the basal part of the sepals, due to the dropping off of the 
corolla, causes loss of turgescence and consequent infolding. 


*Traité d’organogénie comparée de la fleur. Paris. 1857. 
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The glands do not seem to have been observed by Schacht 
(10), although they are easily seen with a hand lens. Chauveaud 
(3) saw them within the calyx of Cynanchum, and gives their 
structure and formation without attempting to explain their 
function or stating their number. Schumann (11) in character- 
izing the genus Asclepias says the glands within the calyx are 
paired or single, but makes no mention of their occurrence else- 
where on the plant. 

In all the species studied, between the calyx and corolla and 
alternating with the members of the former, groups of glands 
were found. Inthe mature flower there are from one to six in 
each group, the number and size varying even in the same flower. 
Usually they are side by side (fig. 5), but sometimes they are 
radially placed (fig. 6). They are also scattered singly on the 
swollen top of the common peduncle. Near the base of a bract 
of the involucre on its adaxial surface as many as a dozen may 
be found (fg. 7). Dr. H. C. Cowles called my attention to 
their presence in A. Sullivanti, in the axils of the leaves, and 
and also near the base of the lamina on the adaxial surface of 
the midrib. I have observed them at the latter point in her- 
barium specimens of Asclepias speciosa, A. exaltata, A. Sullivantii, 
A. Cornutt, A. jaliscana, A. arenaria, and would not be surprised 
if careful examination revealed them in many others. 

Taking the development of the glands inside the sepals as an 
illustration, they appear about the time the carpels begin to 
show, but on other parts of the plant they appear earlier. At 
first there is only one representing each group, and it arises from 
the sepal on its adaxial surface quite near the base and lateral 
edge. Later others appear on each side of the first and thus 
the group is formed. The middle (oldest) ones usually remain 
the largest. In their formation (jigs. 3, ¢) the division of the 
hypodermal cells forms a protuberance of isodiametric cells over 
which the epidermis continues. The elongation of the interior 
cells then increases the length of the protuberance, while the 
epidermal cells elongate radially over the whole or a part of the 
surface and function as gland cells, as is shown by their deep 
stain, volume of protoplasm, and large nuclei (jig. 8). These 
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glands are almond-shaped, the flattening being due probably to 
pressure, since those on the end of the common peduncle are 
cylindrical. The base is more or less narrowed into a stalk; 
and those in the axils of the bracts are two or three times as 
long, proportionally narrower, and more distinctly stalked. 
Sometimes the epidermis at the tip is not glandular. Some of 
those on the end of the common peduncle are as much as 1100p 
long including the stalk. They remind one here of multicellular 
glandular hairs. The evidence as to the function of these 
glands is negative. Their distribution and early appearance pre- 
cludes the idea of any connection with cross pollination I have 
never seen an insect pay any attention to them, although I have 
often watched for it. 

Chauveaud (3) reports that in Cynanchum the corolla, after 
some elongation, unites with the stamens, but later becomes free. 
The petals of the species studied are not at any time united with 
the stamens, although a transverse cut through a bud at an early 
stage gives such an appearance, because the organs are closely 
appressed and cut at an angle. At base the corolla forms a short 
tube, which has probably arisen as a ring from the receptacle. 
The dorsal surface bears stomata and becomes hairy; and the 
ventral surface just before the bud opens becomes papillose. 

The stamens have been much studied. Schacht (10) gives a 
figure showing the beginning of hood and horn in A. Cornutt. 
Corry (4) traces the development of the wings in the same spe- 
cies. He also follows the development of the sporangium, 
wrongly deriving it from a single sporogenous cell. Chauveaud 
(3) traces the development of the stamen of Cynanchum with 
its hood or horn, and describes some features in the development 
of the pollen. Strasburger (14), Gager (8), and the writer (7) 
have given the history of the microspores. Stephens (13), how- 
ever, seems to have seen the tetrad divisions ; and from an unpub- 
lished paper now in my hands it seems that Miss Langley, now 
deceased, of the University of Michigan, traced correctly the 
pollen formation in 1897. 

The stamens and petals early arise from a common ring 
slightly elevated above the insertion of the other sets. From 
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the reflexion of the epidermis where the two whorls unite, and 
from the meristematic character of the cells composing the ring, 
one is led to conclude that it is of toral origin. The whole 
stamen in its older stages shows a remarkable tendency to form 
intercellular spaces, the tissue resembling the spongy parenchyma 
of a leaf. 

The filaments unite to form a ring about the carpels. By 
their growth upwards against the head the anthers are pushed 
into a lateral position (figs. 9-7). At five points, corresponding 
to the five lines along which the filaments have united, they do 
not fit up against the head so tightly. These are the gateways 
to the stigma. 

At the base of the united stamens are two spaces somewhat 
tetrahedral in form, bounded by the stamineal ring and the two 
carpels. The general tendency towards the formation of loose 
tissue expresses itself here in the formation of two protuber- 
ances from the base of the stamineal ring, filling these spaces 
(figs. 20, 21). They are large enough to be seen easily with the 
naked eye and might be taken for rudimentary carpels, but their 
late appearance and the bulging of the stamineal tissue into them 
reveals their origin. Eichler (6) figures diagrammatically what 
he calls disk glands ina similar situation in Vinca minor. But 
these projections in Asclepias, while easily mistaken for glands 
under a hand lens, do not give the dense stain obtained in other 
glandular tissue of the flower. 

Just before the ovules appear, when the pollen has reached 
the mother-cell stage, the filament pushes out on its dorsal side 
a crescentic protuberance whose convex side is towards the base, 
and in whose concavity a papilla appears (fig. 76). The cre- 
scentic projection is destined to become the hood, and the 
papilla the horn. The young hood and horn are meristematic 
at the tip. Spiral vessels appear in the one bundle of each sta- 
men about the time the hood begins to grow. These bend, 
forming a loop in the hood as it grows larger. When the latter 
has reached its full development, the vessels extend seven-eighths 
of the distance to the tip and bend sharply back upon them- 
selves ( fig. 78). The vessels in the filament must have increased 
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their length, after thickenings had been formed, to at least fifteen 
times. Whether this was due to the formation of new cells or 
to the elongation of those present was not determined with cer- 
tainty, but I am strongly inclined to believe that both things 
occur. One finds scattered short cells with very close spirals 
not yet well marked, beside them may be long cells with spirals 
so long drawn out that their spiral nature is almost lost, the cell 
walls perhaps even disappearing, the whole showing disorganiza- 
tion. In fact, all the stages in the ontogeny of a vessel may be 
found ina single longitudinal section of a forming loop. This 
makes it appear that the spirals form while the cells are not very 
greatly elongated; that the elongation of the cell takes place 
by the widening of the part of the wall between the spirals, 
due either to growth of the cell or to tension arising from the 
growth of the surrounding tissues; that when the cell has become 
extremely elongated it collapses and disorganizes, while several 
cells beside it have meanwhile formed spirals, thus preserving 
the vascular continuity. Since there is only one bundle ina 
stamen, the nutrient solutes would find it necessary to pass to 
the anthers by way of the tips of the hoods. There is no direct 
connection between anther and pedicel. The tissue of the inner 
side of the filament forms aerenchyma, thus being able to keep 
pace with the curving of the bundle without leaving any great 
hollow. The mature hood is then largely composed of a tissue 
resembling the spongy tissue of a leaf, but without chlorophyll 
(fig. 19). 

The horn is carried up some distance by the growth of the 
hood, but has no connection whatever with the fibrovascular 
bundle (fig. 78), as one is led to think from one of Schacht’s 
figures. It seems to be built by the division of the cells near 
its apex, and the later transformation of its tissue into aeren- 
chyma, for its whole interior is filled with very loose tissue 
(fig.19). In Acerates, as the name implies, there is no horn. 
However, the bundle passes into the hood as in Asclepias, while 
in Cynanchum (3) it simply curves into the base of it. The 
direction of the bundle in relation to the hood may prove to be 
of value in determining relations among the Asclepiadaceae. 
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The hood and horn are known to enclose the nectar, but the 
part played by the horn in pollination is not clear. 

The formation of the anthers, with their wing-like projections 
and two sporangia, as well as the development of the microspores, 
has been worked out by the writers referred to above. In general, 
the account is the same for all the species examined. 

The development of the male gametophyte is pretty well 
known. Corry (5) saw the generative and tube nuclei in A. Cor- 
nutt, but supposed the larger to be the generative cell. Stras- 
burger (14) found the small one to be the generative cell, and 
the writer (7) found the same in A. éuberosa. Gager (8) observed 
the first division of the microspore in A. Cornuti, and the division 
of the generative nucleus. 

A. verticil/ata proved to be the best form for the study of the 
pollen grain, and hence it is here taken as the type, although the 
others agree with it in general features. The generative cell, 
flattened out against the wall] usually in lenticular or hemispheri- 
cal form (fig. 22) and varying in size, soon loosens and approaches 
the tube nucleus (fg. 23). The two nuclei are greatly dif- 
ferent in sizeand both have the chromatin in granular threads. 
The generative nucleus usually has massed about it a quantity 
of denser cytoplasm of finer structure and bounded by a definite 
wall. The wall sometimes persists until division is complete 
(fig. 26), and at other times division follows its resorption (figs. 
24, 25). The lenticular form is gradually changed to crescentic, 
oval, or even spherical. The division forming two male cells 
occurs about the time the buds open. It is not quite simulta- 
neous in the same anther, although the amount of variation is not 
great. In all cases observed, division occurs near the tube 
nucleus. In fig. 25 eight chromosomes were counted, but not 
with absolute certainty. Those in the vegetative cells of the 
stamens are about the same in number, contrary to expectation, 
but they are so extremely small that a definite statement is not 
warranted. The condition of the cytoplasm in the pollen grains 
of the same anther seems to vary. In some it is reticulated, in 
others homogeneous. In almost all one finds groups of the 
deeply staining bodies of undetermined nature (fig. 24). In 
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A. verticillata they are almost spherical. The determination of 
their nature has been left to Mr. Gager, who announces work in 
progress on them. I have found bodies in A. ¢uberosa in the 
latex tubes resembling those in the pollen of that species in 
staining properties and in form, thus adding weight to the food 
theory. In some pollen grains there are single spherical bodies 
of varying size, resembling those in the groups in their staining 
capacity (fig. 25). 

Concerning the pistil Schacht (10) states that the two carpels 
roll in adaxially, each forming a loculus, while the fusion of their 
tips results in the head (Corry’s “style table”). He also figures 
an ovule showing a nucellus. Corry (5) has gone at length into 
the formation of the head and especially into the origin of the 
corpusculum and caudicules. Schumann, however, doubts his 
conclusions. In regard to the development of the ovules almost 
nothing has been done except in Cynanchum, in which Chauveaud 
(3) reports that there is no nucellus, no integument, and only 
one megaspore. 

The arrangement of the carpels in relation to the outermost 
sepal seems not to be a constant one, although usually one is 
opposite. The carpels remain separate except at their tips. The 
loculus formed by the rolling in of the edges opens in the head 
a short distance above the stigma. The cleft on the inner sur- 
face is never completely lost. 

Quite early, before ovules appear, before even the edges of 
the carpels have rolled in to any considerable extent, the tips of 
the carpels come ,in contact and begin fusion, forming the head. 
This is about the time of the first div‘sion of the archesporium 
in the anthers. The ends of the carpels enlarge enormously, 
forming a somewhat spherical mass (the head) with a funnel- 
shaped depression at the top, which is sometimes deep, some- 
times shallow (fig. 28). The fibrovascular bundles of the carpels 
flatten out, and by the juxtaposition of their edges form a hollow 
cylinderinthe center. At the apex the cylinder spreads, forming 
a funnel. Corry (5) figures it doubling back towards the base, 
but diligent search revealed no such case. The stigma has long 
been known to be situated just beneath the head, although some 
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writers have considered the head stigmatic. Corry (5), limiting 
the term stigma to that portion fitted for the reception of the 
pollen, naturally regards the head stylar. One is led to conclude 
from his statements that he believed the tips of the carpels were 
abaxially reflexed to the functional stigma, seeing an argument 
for it in cases of the reflexion of the fibrovascular bundle. The 
conductive tissue, however, does not follow the path which a 
definite location in a recurved leaf would give it; and if it is not 
definitely placed in the carpel, its outcrop, the stigma, is not 
more definitely located. Those who believed the head to be of 
stigmatic origin thought the functional stigma to be under the 
corpusculum. The question here is a phylogenetic one. Has 
the stigma always been where it now is, the head developing 
above it later; or, teleologically speaking, has the stigma moved 
to adapt itself to the modifications of the floral organs? The 
papillose epidermis of the funnel-shaped depression in the top of 
the head, the suggestion of conductive tissue in appearance of 
the cells beneath this epidermis, the absence of a downward 
curve in the tips of the bundles, and the continuation of the 
conductive tissue above the functional stigma, all indicate that 
the homologue of the stigma in other plants is the funnel. We 
may then regard the head as an abaxial thickening of the style 
immediately beneath the stigma. We would then have later the 
formation of a new stigma beneath the head, and the cessation 
of functional activity in the one at the top. The strongest argu- 
ment in favor of Corry’s theory, however, and one not mentioned 
by him, is found in the Apocynaceae. Here one finds stigmas 
on the equator of a fusiform head, a stage between the terminal 
stigma of the Gentianaceae and the subcapital one of the 
Asclepiadaceae. 

Incidentally, many of the stages in the formation of the 
caudicules and corpuscula were observed and Corry’s account 
(5) confirmed. 

The conductive tissue lines the placenta and the canal that 
forms the continuation upwards of the cavity of the ovary. Just 
beneath the head it spreads out as a disk or funnel, reaching the 
surface in a circle under the head (fg. 28). The stigma there- 
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fore forms a band completely surrounding the head at that level, 
but because the upward projections of the styles unite closely 
with the head, the stigma is accessible only through the alar 
chambers, corresponding to the intervals between the stamens. 
The conductive tissue lines the canal to its end. 

In the formation of the ovules rounded projections (jig. 29) 
are pushed out in longitudinal rows, the lowest in each row being 
the oldest. Before there is a distinct differentiation of funiculus, 
one of the hypodermal cells at the upper outer angle of the 
ovule can be recognized by its larger nucleus and different stain 
as an archesporial cell (fig. 29). Occasionally one finds two or 
three archesporial cells side by side (fig. 30), but in such cases 
one seems to outgrow the others, for in no case was more than 
one in its later well developed stage (fig. 37) found in the same 
ovule. The epidermal layer over the archesporial cell is the only 
sterile part of the nucellus. Schacht (10) figures a nucellus 
projecting from the ovule like a papilla. Such forms I could 
not find in A. Cornutt, and they must be exceptional. By the 
cessation of growth in the nucellus, and its continuation around 
it to form the single integument, the nucellus comes to appear 
deeply sunken (jig. 34). The nucellus is short lived, being very 
soon replaced by the embryo sac. It seems remarkable that 
there should be no nucellus or integument in Cynanchum as 
reported by Chauveaud. If one takes the view that he over- 
looked an evanescent nucellus his story accords well with that 
in Asclepias and Acerates, his “ revétement protecteur trés épais” 
becoming the integument. Its appearance and manner of forma- 
tion are about the same as the integument of the genera studied 

The archesporial cell reaches a size equal in section to a 
dozen of the surrounding cells. No parietal (tapetal) cell is 
cut off, and by two successive divisions a row of four megaspores 
is formed (figs. 32, 33). This does not always occur during the 
same stage in the development of the integument, as sometimes 
it occurs when the nucellus is not yet covered, and at other 
times when the nucellus is deeply imbedded in the body of the 
ovule. To avoid confusion the two cells resulting from the first 
division of the archesporial cell will be called daughter cells. 
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Both daughter cells and megaspore will be numbered beginning 
nearest the micropyle. 

The number of chromosomes in the division of the arche- 
sporial cell could not be determined. In the division of the 
daughter cells of A. Sullivantii five were counted in several 
cases, but’ not with certainty. There are approximately half as 
many, however, as in the vegetative cells. The two daughter 
cells do not always divide simultaneously. In A. tuberosa only 
one case of this division was observed, and in that they were 
not widely separated in time, although the micropylar daughter 
cell was the later to divide, and the spindle in it (fig. 33) was 
smaller. In A. Sudiivantit many dividing daughter cells were 
found, and in no case were the divisions in the same ovule 
simultaneous. In some cases, however, the equality of the 
megaspores leads one to think that this may sometimes be the 
case. In the cases observed, the second daughter cell was 
always the first to divide (jigs. 39, 40). The difference in time 
appears to vary, if one may judge from the difference in devel- 
opment of the third and fourth megaspores at the time of 
division of the first daughter cell. Sometimes the third and 
fourth megaspores have undergone little change when the first 
daughter cell divides; sometimes one of the two has considera- 
bly enlarged, usually the fourth; and sometimes the third is 
already largely resorbed (fig. 39). The fourth megaspore does 
not always function as the embryo sac, but any one of the four 
may, the relative frequency rapidly decreasing from the fourth 
to the first. All were seen to form sacs in A. Sudlivantit except 
the first (fig. gz), and very probably that could be found. The 
first was seen to form the sac in A. tuberosa (fig. 36). Occa- 
sionally one finds two megaspores growing alike (fig. 37), but 
that one is finally crowded out is evident from the absence of 
more than one mature embryo sac in anovule. The functioning 
of other than the most deeply seated megaspore has been 
reported before in several cases, but its frequency in A. Sudii- 
vant is rather remarkable. In perhaps 10 per cent. of the 
cases observed the fourth megaspore did not become the embryo 
sac. In A. tuberosa and A. Cornuti the per cent. is much smaller. 
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The resorption of the three arrested megaspores takes place 
rapidly, so that one might easily overlook the stage completely. 
In A. tuberosa the megaspores farthest from the functioning one 
seems to be resorbed first (figs. 35,36). One would suppose 
that the nearest would be the first to disappear, for in the disor- 
ganization of the surrounding cells those nearest are the first to 
change. In A. Sullivanti, from the cases of disorganization of 
the third cell while the first and second are still in good condi- 
tion, one gets the suggestion that before the first daughter cell 
divides it offers greater resistance to disorganization than it does 
later. From fig. go one is led to conclude that the first daughter 
cell before its division either aids in the disintegration of the 
third megaspore or utilizes its space as the fourth absorbs it. 

Among the Asclepiadaceae, therefore, we find one of the 
strongest arguments for homologizing the row of four cells in 
the ovule with the tetrad of microspores. It is known (7) that 
in the formation of microspores each cell of a hypodermal 
archesporial plate divides, forming a parietal and a primary spo- 
rogenous cell. The latter without division functions as a mother 
cell, which gives rise, with reduction of chromosomes, to a row 
of four microspores, each of which develops a male gametophyte. 
In the formation of megaspores usually a single hypodermal 
archesporial cell does not divide to form a parietal cell, but 
functions directly as a spore mother cell, giving rise, with reduc- 
tion of chromosomes, to a row of four megaspores, any one of 
which may develop a female gametophyte. 

But what is the significance of the retardation in the division 
of the first daughter cell? No cases of the first preceding the 
second are reported, and the question as to the origin of this 
retardation becomes pertinent. In tetrad formation among the 
pteridophytes the daughter cells divide simultaneously. The 
possibility of a relation between the retarded division and the 
suppression of functional activity in three of the four mega- 
spores is suggested. If such a relation exists, there are three 
possibilities : 


1. The suppression of three of the four megaspores may 
cause the retardation in division of the cell forming two func- 
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tionless ones. This would presuppose some unknown cause 
operating to suppress three, probably the same which operates 
to reduce the number of megaspores in heterosporous pterido- 
phytes. It has been suggested that the central position of the 
fourth megaspore gives it an advantage over its fellows in food 
supply. If nutrition is obtained from the resorption of the sur- 
rounding cells and the influx of food stuffs, this claim receives 
added weight when it is remembered that the fourth megaspore 
is nearest the point where the later formed vessels end. The 
retardation would then be regarded as the beginning of the 
suppression of a useless division, The apparent variation in the 
relative time of division of the two daughter cells adds weight to 
this view, and cases like figs. 38 and 39 suggest that there may 
be here a transition between the row of four and of three. If 
one were to find a case like fig. 38 alone, it might easily be mis- 
taken for an example of the formation of oniy three megaspores; 
but from the size and appearance of the nucleus of the first 
daughter cell, and from the fact that such stages must have been 
passed by fig. 39, it seems clear that the first daughter cell would 
have divided again. But if retardation were more pronounced 
in a case like fig. 39, one can readily see that resorption might 
occur before the first daughter cell divides, and the condition of 
three megaspores would be established. It is possible that in 
some such way the reduction in numbers of megaspores took 
place in those spermatophytes in which only three or fewer meg- 
aspores have been reported. 

2. The retardation in the division of a daughter cell may cause 
suppression of some megaspores. This would presuppose some 
unknown cause for the retardation. The earlier division of the 
second daughter cell would no doubt give the third and fourth 
megaspores an advantage over the first and second, but it would 
not account for the much more frequent predominance of the 
fourth than of the third unless the relation to food supply were 
again introduced. 

3. Both retardation and suppression may be due to a common 
unknown cause. 

That retardation in division resulted from loss of function 
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seems to be the most satisfactory hypothesis at present. Since 
no case of retardation in division of the second daughter 
cell was observed, it would be interesting to know the relative 
time of division of the two when the first or second megaspore 
predominates. Since only one case of the division of the daugh- 
ter cells was observed in A. ¢aberosa, no conclusions can be drawn 
concerning the meaning of the smaller spindle in the first. 

The embryo sac passes rapidly through the typical two, four, 
and eight-nucleate stages (figs. 42, 43), and the usual ante-fertil- 
ization stage of the sac is reached. Occasionally one finds more 
than three antipodals (fig. 45), but it is quite the exception, and 
only once were fewer than three noted. The synergids resem- 
ble the egg very closely in many cases and can be distinguished 
from it only by the relative nearness of their nuclei to the micro- 
pyle ( figs. 43-46). The number of cells at the micropylar end 
was constant, although Chauveaud (3) figures five micropylar 
cells in the sac of Cynanchum, and believed that the five embryos 
sometimes found were due to the fertilization of all of them. 
The sac enlarges very rapidly, soon destroying the nucellus and 
much of the surrounding tissue. In one case noted it had 
replaced the surface of the ovule (fig. 44), while in several 
instances it had come near it. 

In this connection it may be noted that in two ovules a tra- 
cheid was observed near the base of the embryo sac and slightly 
projecting into it, showing that the thickening of their walls had 
occurred before the sac had reached its full development (fig. 
48). In only two other genera of angiosperms has the occur- 
rence of tracheids in the nucellus been reported: in Castanea by 
Miss Benson (1), and in Casuarina by Treub (15). The occur- 
rence of a tracheid near to such a rapidly enlarging embryo sac 
raises the question whether increased conduction had not been 
the cause of its formation. That increased conduction leads to 
increased formation of tracheary tissue seems evident from Véch- 
ting’s experiments with the potato and other tubers. That it 
causes the formation of tracheary tissue where there has been 
none phylogenetically there is no evidence except in the evolu- 
tion of vascular from non-vascular plants. Could the tracheids 
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radiating from the base of the ligule in Isoetes (12) have any 
relation to those in the ovules of Asclepias? In any event, in 
the ovule one would expect the formation of leptome rather than 
of hadrome from such a cause. This throws us back upon Miss 
Benson’s (1) suggestion that this is an indication of a degenerate 
chalazal vascular strand once extending into the nucellus. Judg- 
ing from the form and arrangement of the cells between the end 
of the vascular bundle, which appears later, and the sac, the 
tracheid is just about where the former, extended, would meet 
the latter. That a primitive feature so nearly lost, even among 
the lower Archichlamydeae, should appear among the Asclepia- 
daceae seems remarkable, and suggests a doubt as to its primi- 
tive character. 

The fertilization of the Asclepiadaceae has long been a sub- 
ject of interest. According to Corry (5), Robert Brown saw the 
pollen tubes in the ovary and noticed that they were attached to 
the ovules, but like all other botanists of his time he supposed 
the tubes reached the ovary by way of the caudicules and the 
head. According to Brongniart (2), Ehrenberg rediscovered the 
tubes, but considered them permanent structures. He observed 
that the tubes issue from the side of the pollinium, thus disprov- 
ing the theory of fertilization through the caudicules, and leav- 
ing the location of the stigma in doubt. Two years later Brong- 
niart (2) properly located the stigma, and traced pollen tubes from 
the pollinia into the style. Since he wrote before insect pollina- 
tion had received much attention, he accounts for the develop- 
ment of the pollen tubes within the anther by the passage of a 
hypothetical liquid from the corpusculum into the pollinia by 
way of the caudicules. Whether pollen tubes do sometimes form 
within the anthers, or whether Brongniart was mistaken in the 
location of the bursting pollinia is still a matter of doubt. Corry 
(5) says that flowers artificially pollinated with their own pollen 
remain sterile, although the tubes penetrate the style. He 
observed one nucleus, probably the tube nucleus, enter the tube, 
and traced the tubes to the ovary. Chauveaud (3) reports that 
in Cynanchum he found pollen grains putting out tubes within 
the anther. Gager (8) reports that in A. Cornuti the tube nucleus 
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enters the pollen tube in advance of the male cells. He found 
the tubes in the micropyle, and the two male cells, when they 
reached the ovule, were still spherical and unaccompanied by the 
tube nucleus. 

The pollen tubes penetrate the stigma in a mass and pass down 
the hollow of the style. All penetrate into the same ovary. The 
tissue seems to be no obstacle, for they could get into the stylar 
canal without such penetration by a slightly less direct route. 
In the ovary they spread out, fan-like, over the surface, forming 
amat. To reach the micropyle a tube grows up between the 
ovuies, or when the ovules are somewhat isolated it follows the 
funiculus, or even passes directly across the cavity to reach 
its destination. Reaching the sac it usually passes along the 
inner surface of the wall until it gets above the synergids, 
where it seems to burst, discharging the contents for some dis- 
tance into the sac. Sometimes one of the synergids is destroyed, 
but there seems to beno regularity about it. In A. tudberosa the 
male cells are in advance of the tube nucleus and near the tip of 
the tube when it penetrates the stigma (fig. 7), differing in this 
respect, according to Gager, from A. Cornuti. In their passage 
down the tube the male cells advance more rapidly than the tube 
nucleus, so that the latter reaches the upper part of the ovary 
about the time the male cells enter the embryo sac. The tube 
nucleus goes no further, and may be found there after the endo- 
sperm has begun to form. Experiments with tubes grown in 
weak sugar solutions show, as one might expect from their deli- 
cacy, that the tubes are very sensitive to changes in osmotic 
pressure. By slight changes one can cause the contents to flow 
back and forth in the tubes without injuring the walls. The flow 
can be watched under a compound microscope. When the tubes 
are burst by too rapidly decreasing the osmotic pressure on the 
outside the rupture is always at the tip. This raises the question 
whether in killed material much dependence can be placed upon 
the position of the nuclei in the tube, either in reference to one 
another or to the end of the tube. The killing fluid might easily 
cause flowing and change in position, and the sensitiveness of 
the delicate tubes to changes in osmotic pressure makes it seem 
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probable that this often occurs. It seems that the normal burst- 
ing of the end of the tube after penetrating the embryo sac might 
be due to the same cause. 

The polar nuclei have usually not fused when the tube bursts. 
The antipodal one is somewhat below the middle of the sac, 
while the micropylar one is usually somewhat above it (fig. 78). 
Before the polars have fused, one of the male cells unites with the 
antipodal one, and about the same time the other male cell fuses 
with the egg (fig. 8). The male cells are crescentic in form, 
reticulated with granules, and not conspicuously unlike in size. 
In one case a male cell was found fusing with the polars after 
their union. This does not seem singular, however, when we 
recall the method of pollination. Insect pollination requires 
some range in time forthe process. Fertilization may then occur 
at different stages, or the embryo sacs must remain stationary in 
the proper stage until the male cells arrive. But unfertilized ova- 
ries show that the embryo sacs pass into the seven-celled stage 
( figs. 43, 44, 46); that is, the polars unite whether fertilization 
has taken place or not. Again, the older ovules are nearer the 
base of the ovarian cavity, while the pollen tubes enter in a 
mass at the top. The younger ones it seems, in any given 
ovary, would be fertilized first, with the result that fertilization 
in different stages of fusion of polars would occur. In fact, the 
literature of double-fertilization gives us instances of fertiliza- 
tion before, during, and after fusion of polars, but not all in the 
same species. The fusion of a male cell with the antipodal 
polar is characteristic of A. Cornuti when ferti'ization occurs 
before fusion of the polars; but it is not unique in plants, for 
Guignard (9) reports seeing a case of it in Lelium Martagon. He 
thinks, however, that the male cell goes to the polar nearest it at 
the time of its issue fromthe tube. The conditions in A. Cornuti 
make such a theory improbable, at least for that species. The 
micropylar polar was in all the cases observed nearer the end of 
the tube than the antipodal (fig. 48), yet in all cases of fertili- 
zation before polar fusion the male cell fused with the antipodal 
polar. If the male cells have independent motion, the question 
arises as to what impels the male cell in one plant to seek the 


j 


ag 
j 
i 
3 } 
4 


406 BOTANICAL GAZETTE [DECEMBER 


micropylar polar and in another the antipodal. To say that the 
upper polar has the greater attraction because it is sister to the 
egg is not sufficient, for in A. Cornutt the polar most distantly 
related to the egg has the greater attraction. Nor will prox- 
imity account for it, for the micropylar polar is nearer the end 
of the tube than the antipodal. It might be supposed that inci- 
dentally this lends weight to Strasburger’s view that the male 
cell is carried by the streaming of the protoplasm, but in this 
case we should have to suppose the streaming to be towards the 
antipodal polar. If the polars are in any way carried by the 
stream, we should expect that the streaming would more often 
be from the end of the tube towards the farthest polar, but that 
the polars are carried to any considerable extent is doubtful. 
Another objection is the proximity of the micropylar polar in 
some cases to the end of the tube. It seems as though the male 
cell would unite with the micropylar polar if the latter had the 
same affinity for it as the antipodal polar. On the whole, I am 
inclined to believe that the antipodal polar has for some 
unknown reason a stronger attraction for the male cell than has 
the micropylar. 

The sac after fertilization is greatly increased in size by the 
development of the endosperm. The first division of the endo- 
sperm nucleus occurs soon after fertilization, but the actual 
division was not observed. The second and third divisions 
rapidly follow, forming eight endosperm nuclei (fig. 50). Up 
to this time the nuclei divide simultaneously and no walls are 
formed. The number of chromosomes in the endosperm could 
not be determined, but there were more than in the megaspores. 
In many cases there was a tendency towards the massing of the 
endosperm about the egg. The cytoplasm of the sac seems to 
increase in volume as the number of free nuclei increases. In 
the eight-nucleate stage of the endosperm the formation of the 
walls by indentation begins ( fig. 50). The division into sixteen 
nuclei seems to be nearly simultaneous, since few cases could 
be found where there were between eight and sixteen nuclei. 
By this time the cells have become somewhat walled off (fig. 57), 
and the divisions from this time on are not simultaneous. The 
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antipodals may still be seen flattened out against the sac-walls 
when there are approximately thirty-two endosperm nuclei 
(fig. 52). Frequently in this stage one of the synergids could 
still be recognized as a small, poorly staining nucleus, crowded 
into the space at the base of the egg (fig. 52). 

The egg after fertilization forms a distinct wall and rests. No 
division occurs before the endosperm has passed its sixteen-celled 
stage (fig. 52). This leads one to question whether the reported 
cases of endosperm division before fertilization, e. g., Casuarina 
(15), may not be due to misinterpretation, the resting egg being 
mistaken for an unfertilized one. 

Some changes of interest occur in the ovule after fertiliza- 
tion. Before fertilization the placenta begins the formation of a 
longitudinal ridge under each row of funiculi. This continues 
to grow higher until when the seeds mature it is a membrane 
about 3™™ high. In it can be seen plainly with the naked eye the 
bundles passing to the ovules. On account of the growth of the 
lateral portions and ends of the ovules, and possibly pressure 
from the ovary wall, funiculo-micropylar flattening takes place. 
It seems that growth along the sides has most to do with the 
flattening, for the tissue in the edges is quite meristematic. 
About the time of the third division of the endosperm the epi- 
dermis at the micropylar end of the ovule —the one nearest the 
top of the ovary—becomes intensely active. The cells elon- 
gate enormously and form the pappus. The hairs composing it 
remain single cells with a single nucleus in each. Chauveaud (3) 
reports two nuclei ineach in Cynanchum. The pappus is tightly 
packed in the grooves between the placental ridges, and the free 
ends extend towards the apex of the pod. The micropyle in A. 
Cornutt and A. Sullivanti is still visible with a hand lens when 
the seed begins to turn brown. The funiculus never thickens 
much, so that in its later stages it is little more than a vascular 
bundle and is very easily broken off. 

The changes resulting in the formation of the pod also 
deserve attention. At or shortly before the time of fertilization, 
the outer epidermis becomes active, as is shown by its deep 
stain and protoplasmic contents. The surface usually becomes 
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covered with papillae, specially where the ovary narrows into 
the style. The papillae in A. Cornutt sometimes develop into 
long finger-like projections, as observed by Brongniart (2), 
although sometimes they form only rounded knobs.  Fertiliza- 
tion causes the rapid development of a dense covering of hairs 
on the outer surface and sometimes a few on the inner. Each 
hair is composed of a single row of cells which arises from an 
epidermal cell. Another result of fertilization is the develop- 
ment of a meristem layer just beneath the inner epidermis. 
There are signs of this meristem just before fertilization, but it 
remains only a sign unless fertilization occurs. The result of 
the activity of this meristem is the rapid thickening of the ovary 
wall, which is accompanied by the formation of dorsiventral 
bundles. Preceding fertilization there is in the carpel only one 
bundle, centrally located. From this other bundles form later- 
ally when pod formation begins, but at first all are parallel to 
the surface of the carpel. The elongated elements which later 
form the dorsiventral vessels were first noticed when the endo- 
sperm was in the two to eight-nucleate stage. With the forma- 
tion of dorsiventral vessels there is a rupture of the parenchyma 
between them, forming cavities. These are well under way by 
the time the egg undergoes its first division. Further develop- 
ment of the cavities results in the formation of a pod com- 
posed of two walls separated by a large space bridged only 
by bundles with a casing of parenchyma. The cavities extend 
even into the papillae, which in the mature pod vary from almost 
nothing to6™"™ in length. The dorsal bundles remain closely 
applied to the dorsal wall of the cavity. The layers of cells 
next the inner surface become elongated in different directions, 
forming a firm layer which shows a smooth surface on the side 
next to the seeds. 
SUMMARY. 

1. The umbels are terminal. 

2. The floral parts appear in centripetal succession. 

3. The members of the same set arise simultaneously, and 
there is no confluence of primordia. 

4. Glands are present near the axils of the sepals, bracts, and 
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leaves, in some species also on the midribs of the leaves; they 
are not in pairs, as stated by Engler and Prantl; and are not 
nectariferous. 

5. The tube of the corolla seems to be of toral origin. 

6. The adaxial surface of the corolia becomes papillose at 
the time of blooming. 

7. The stamens are remarkable in the development of inter- 
cellular spaces. 

8. The horn and hood are lateral outgrowths from the fila- 
ment and composed largely of extremely loose tissue. 

g. The fibrovascular bundle of the stamen loops into the 
hood to near its tip, the curvature beginning after the walls of 
the tracheids have formed spirals. 

10. The elongation of the bundle to form the Joop seems te 
take place by the stretching of the old tracheids and the forma- 
tion of new ones at their sides. 

11. The horn contains no vascular tissue. 

12. The top of the “head,” and not the functional stigma, is 
believed to be homologous with the stigma of normal angiosperms. 

13. In general Corry’s account of the formation of the caudi- 
cules, or connectors, and corpuscula is corroborated. 

14. The generative cell divides near the tube nucleus, and 
in the normal manner. The division occurs before the forma- 
tion of pollen tubes. 

15. The pollen tubes from the same pollinium all enter the 
same ovary. 

16. When the pollen tube enters the stigma the tube nucleus 
is behind the male cells, but it is doubtful whether any reported 
positions of nuclei in pollen tubes are beyond question. 

17. The tube nucleus gets no further than the upper part of 
the ovary. 

18. There is a single integument. 

19. The nucellus is a single layer of cells enclosing the 
sporogenous row. 

20. Asingle hypodermal archesporial cell forms a row of four 


megaspores without the formation of a parietal cell. Occasion- 
ally there is more than one archesporial cell. 
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21. In the formation of the megaspores the daughter cells 
do not divide simultaneously, thus perhaps giving a clue to the 
history of the abridgment of the process in some angiosperms. 

22. The female gametophyte develops normally. 

23. Double fertilization was observed in Asclepias Cornutt, 
one of the male cells fusing with the antipodal polar nucleus. 
This throws doubt upon the view that the attraction is due to 
near relation of the micropylar polar to the egg. 

24. Fertilization may occur before or after the fusion of the 
polars. 

25. A few tracheids were found in the ovules near the antip- 
odals. 

26. The fertilized egg rests until the endosperm has become 
sixteen-celled or more. It is surmised that some reported cases 
of endosperm division before fertilization may be due to mis- 
taking fertilized for unfertilized eggs. 

27. The pappus is composed of single-celled, uninucleate, 
epidermal hairs. 

28. The double wall of the pod has its origin in the rupture 
of the parenchymatous tissue within the wall of the carpel. 
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EXPLANATION OF PLATES XIII-XV. 


All drawings X 23 or more were made with a camera lucida. The 
lenses used were Zeiss compensating oculars in combination with Leitz dry 


lenses, a Zeiss dry achromatic adjustable, or a Zeiss ~, apochromatic oil. 
The original drawings, for which the magnifications are indicated, are twice 
as large as the reproduction. 


Asclepias tuberosa. 


Fic. 1. Longitudinal section through stem tip showing terminal umbel; g, 
glands; partly diagrammatic ; X 30. 

Fig. 2. Hair from the epidermis of the calyx ; X 390. 

Fics. 3-4. Glands on the adaxial surface of the calyx; Z, petal; s, sepal ; X 
555. 

Fic. 5. Top view of flower with all its organs removed except the sepals; s, 
sepal ; g, gland; #, where petals have been cut; shows position of 
glands; X 48. 

Asclepias Sullivantii. 


Fic. 6. Part of longitudinal section through flower showing three glands in 
radial relation ; s, sepal ; A, petal ; 4, bundle; x 48. 
Asclepias Cornutt. 


Fic. 7. Basal portion of bract from umbel showing glands on adaxial surface ; 
x 48. 
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Asclepias tuberosa. 


Fic. 8. Gland from receptacle ; 7, receptacle ; A, pedicel; X 390. 

F1G. 9. Young stamen ; /, pollinum ; 4, elongated elements preliminary to a 
bundle; x 48. 

Fic. 10. Young stamen, older than fig, 9; ¢, endof vessel; 4, beginning of 
hood and horn; X 48. 

Fic. 11. Longitudinal section of stamen ; e, end of vessel ; 2, horn; d@, hood; 
Pp, pollinium ; X 48. 

Figs, 12-15. Cross sections through 7g. 77 in planes indicated; J, pollinium ; 
c, corpusculum ; w, wing ; a, alar chamber ; X 94. 


Asclepias Cornutt. 


Fic. 16. Dorsal view of young stamen with concentric hood and papillate 

horn ; X 23. 
Asclepias tuberosa. 

Fic. 17. Longitudinal section of stamen; hood and horn forming rapidly ; 

Fic. 18. Longitudinal section through mature stamen showing bundle loop- 
ing far up into the hood; X 23. 

Fig. 1g. Section from fg. 78 through hood (region indicated) showing 
aerenchyma; Ss, air space ; X 203. 


Asclepias Cornuti. 


Fic. 20. Part of flower with slice removed by tangential cut; s, stamen ; 9, 
ovary ; m, mass arising from the stamineal ring ; x 23. 

Fic. 21. Longitudinal section of basal part of stamen; s, sepal; Z, petal; x, 
stamen ; #, mass arising from stamineal ring ; X 94. 


Asclepias verticillata. 

Fic, 22. Pollen grain; g, generative cell; 4, tube nucleus; 4, undetermined 
bodies ; X 1500. 

Fic. 23. Generative cell leaving the wall of the pollen grain; x 1500. 

Fic. 24. Generative cell before division, without a wall ; g, generative cell ; 
z, tube nucleus; X 1500. 

F1G. 25. Division of generative cell, no wail about it ; X 1500. 

Fic. 26. Division of the generative cell ; X 1500. 

Fic. 27. Two male cells shortly after their formation; X 2200. 


Asclepias tuberosa. 

Fic. 28. Longitudinal section of head ; s, stigma; c, styler canal ; g, glandu- 
lar epidermis which forms the corpusculum ; f, may be functionless 
stigma ; 4, conducting tissue; 4, bundle; x 136. 

Fic. 29.. Ovule with archesporial cell ; X 1275. 

Fic. 30. Ovule containing two archesporial cells ; X 2200. 
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Fic. 31. Ovule with integument just beginning to show; 27, integument ; 7, 
nucellus ; X 1500. 

FiG. 32. First division of the mother cell ; X 2200. 

Fic. 33. Division of the daughter cells ; X 2200. 

Fic. 34. Row of four megaspores with the fourth surpassing the others; X 
780. 

Fic. 35. Disorganization of the first three megaspores ; X 780. 


Fic. 36. Domination of the first mzgaspore ; nucellus; micropyle; X 
2200. 

FiG 37. Row of four megaspores, two of which are about equally active ; X 
2200. 


Asclepias Sullivantit. 


Fic. 38. First daughter cell not yet divided ; fourth megaspore enlarging ; ™, 
smicropyle ; 7, nucellus ; x 2200 

Fic. 39. First daughter cell dividing; third megaspore disorganizing; X 
2200. 


Fic. 40. Division of first daughter cell just completed ; X 2200. 
Fic. 41. Dominance of the second megaspore ; X 2200. 


Fic. 42. First division in the embryo sac; m, disorganized megaspores ; X 
2200. 


Asclepias tuberosa, 


Fic. 43. Normal embryo sac ; union of polar nuclei; X 1500. 

FIG. 44. Embryo sac which has reached the surface of the ovule; e, egg; aa 
d, disorganizing cells ; X 1500. 

Fic. 45. Eight antipodals; X 1500. 

Fic. 46. Complete union of the polar nuclei before fertilization; ¢, egg ; m, 
endosperm nucleus; X 1500. 

Fic. 47. Tip of pollen tube entering the stigma; s, male cells; ¢, tube 

nucleus; X 2200. 


Asclepias Cornutt, 


Fic. 48. Double fertilization; “, micropylar polar; e,egg; s, synergid; 4, 
tracheid; X 1500. 

Fic. 49. Third division of the endosperm ; X 1500. 

Fig. 50. Eight-nucleate endosperm; ¢, egg; X 1500. 

Fic. 51. Sixteen-celled endosperm ; ¢, egg ; s, synergid ; X 1500. 

Fic. 52. T'wo-celled embryo ; endosperm massed about embryo ; s, synergid ; 
xX 1085. 
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THE ROOT-HAIRS, CAP, AND SHEATH OF AZOLLA. 


R.G. LEAVITT. 


(WITH PLATE XV!) 


Roots spring from the prostrate floating shoots of Azolla in 
acropetal succession at the points of branching. They are from 
2 to 5™ in length, undivided, slender, and delicate, and in 
A. filiculoides and A. caroliniana are often, perhaps generally, 
provided with long outstanding hairs. These trichomes are 
peculiar tn that they originate in the immediate neighborhood 
of the growing point, and from the first are marked out as cells 
designed for a distinct office. The way in which the hair initials, 
or fundaments of the root-hairs, are cut off, and the specialized 
character of the mature structures have not been described, so 
far as I am able to learn.* The material of A. filiculoides upon 
which Strasburger chiefly founded his classical memoir, ‘“‘ Ueber 
Azolla,” presented a condition of the root quite unlike that 
which I have found in the same species. His plants had the 
roots enveloped in root-sheaths, and must have been entirely 
destitute of the trichome structures which form the principal 
subject of the present account. My own plants were somewhat 
variable, the roots occasionally being devoid of hairs. Yet the 
three lots of living material from independent sources which I 
have been able to see all exhibit the interesting process of hair 
formation to be described. 


THE SHEATH AND CAP, 


As the root-sheath and cap in the plants studied do not 
entirely conform to Strasburger’s account, I shall take occasion 
to note the points of difference. For the sake of completeness 
Strasburger’s exposition of the origin and early stages of the 


*Several references to the existence of these trichomes and one account of 
their peculiar distribution are to be found: WESTERMAIER and AMBRONN, Ueber 
eine biologische Eigenthumlichkeit der Azolla caroliniana. Verhandl. Bot. Verein. 
Provinz Brandenburg 22: 58. 1880; BERGGREN, S., Om Azolla’s prothallium och 
embryo. Lunds Univers. Arsskrift 16 : 1878-1879. 
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root may be briefly recapitulated. In illustration two of his 
figures have been reproduced (figs. 1, 2). 

The root of A. filiculoides begins with the differentiation of a 
large cell near the recurved tip of the growing stem beneath, at 
one side of the median plane, and in close proximity to an incip- 
ient lateral bud. This cell is the root initial (fig. 7, R1). It abuts 
internally upon cells from which later the vascular system of the 
stem originates. It is covered externally by a tabular cell, the 
root-sheath initial (s1), which subsequently divides once peri- 
clinally ( figs. 7, 2,8, s'), and eventually in other directions. While 
at the very first the sheath is thus two-layered, the inner layer 
very soon disintegrates, and the mature sheath is only one cell 
thick. As stated above, this sheath in the condition of the plants 
seen by Strasburger envelops the root completely, though 
loosely, throughout life. 

From the root initial (R1) a pyramidal apical cell is organized 
(jig. 2, Ac). A single cap cell is cut off (c1), which afterwards, 
according to Strasburger, divides but once periclinally, a two- 
layered, adherent cap thus being instituted. 

Fig. 3 of the accompanying plate represents a very young 
root. It is enveloped by a sheath comprising a single layer of 
cells. Shortly after the stage shown, this sheath in all the cases 
seen by me ceases to grow, and the root, continuing to elon- 
gate, bursts out. The old sheaths are to be seen as short col- 
lars, less than a millimeter long, around the bases of the roots. 

The cap, as seen in fig. 3, is composed of two very similar 
cell layers (c’, c?). In roots slightly more advanced a sharp 
differentiation of these layers is seen to have taken place. The 
outer becomes radially thicker, and its cells are vacuolated ; 
while the inner remains relatively thin, and its cells are well 
filled with contents staining heavily like those of the body of 
the root. These differences forecast the very unlike histories of 
the two layers at a period a little later still, when the outer one, 
no longer growing longitudinally, becomes detached from the 
stem at the root’s base, and being loosened from the root except 
at the tip is borne as a distinct cap; while at the same time the 
inner continues to grow and remains in connection with the root 
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trunk, like an epidermis (fig. 4, c?). After the root is about one- 
fifth grown the inner layer develops no further and is torn away 
at the base, to be carried downward as a cap in the further growth 
of the root, the upper part of the trunk therefore being left 
naked. 

It may be worthy of remark that in its younger stage the root 
of Azolla filiculoides thus presents a state of things analogous to 
that in typical dicotyledons, since the superficial layer of the 
body of the root is derived from the calyptrogen—if we may so 
speak of the original cap segment (cr); whereas the mature root 
is like that of other vascular cryptogams and monocotyledons 
among flowering plants in exposing an unprotected cortex back 
of the root-cap. 

In all cases examined by me there is an extra periclinal divis- 
ion at the apex of the inner cap (fig. 4, D). 

In Azolla caroliniana 1 find that sheath and cap behave as 
stated for A. filiculoides, except that the second periclinal division 
(D) is absent. 

THE ROOT-HAIRS. 

In the majority of vascular plants root-hairs are formed by 
the external cells of the root in the region which is ceasing or 
has ceased to grow, where cell-division has been suspended and 
the tissues have become fixed. Here any or'all of the cells 
without distinction of form, size, or contents may send out the 
organs of absorption. Only one exception was known to 
DeBary, that of Lycopodium, where the hair initia!s are set off 
in the still plastic epiblema not far behind the apex, and these, 
remaining short while the intervening cells elongate, alone pro- 
duce tubular outgrowths. For the sake of comparison a figure 
of these hair initials and of the resulting structure in Lycopo- 
dium lucidulum is given (fig. 11). DeBary overlooked Bruch- 
mann’s observations? on the production of root-hairs in essen- 
tially the same manner in Isoetes, by the early establishment of 
special cells for the purpose. 

The initials of the trichomes in the root of Azolla filiculoides 


? BRUCHMANN, H., Ueber Anlage und Wachsthum der Wurzeln von Lycopodium 
und Isoetes. Jenaische Zeitsch. Naturwiss. 522. 1874. 
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(fig. 4, T1) arise within a belt of actively dividing cells, lying 
immediately under the inner root cap, not far from the apex, at 
an actual distance varying with the rate of growth of the termi- 
nal region. When that growth is most rapid the longest space 
intervenes between the apical cell and the youngest hair initials. 
As the root reaches the limit of its development, the hair-form- 
ing impulse travels downward until the apical cell itself is split 
into several parts, each one piliferous. The initials are formed 
in zones or partial zones. The mitoses to which they owe their 
existence are peculiar in that the axis of the mitotic figure in 
each case diverges more or less from the longitudinal axis of the 
motlier cell, so that the resulting cell plate and wall lie some- 
what diagonally (figs. ¢, 8). Division thus gives two more or 
less wedge-shaped elements, of which the lower and slightly 
larger one is the hair initial. 

This cell never elongates much in a direction parallel to the 
length of the root. The tube, which presently begins to grow 
out, turns toward the root apex (figs. 5, 6). As the hairs 
lengthen they at first lie appressed to the root and may be seen 
confined by the inner cap, which is now distended and pushed 
away from the root trunk (fig. 9). The whole cap structure is 
finally thrown off through the growth of the lower hairs, and 
the hairs themselves stand out strongly (figs. r2, 13). Their 
bases retain the wedge-form of the original hair initial. 

Soon after their organization the hair initials are to be dis- 
tinguished from the cells with which they alternate by their con- 
tents, no less than by configuration, since they are more richly 
supplied with protoplasm (fig. 5). 

The lesser wedge-shaped cell produced simultaneously with 
the hair initial elongates and soon divides transversely (fgs. 
6, 9) once, twice, and often three times. The trichomes in 
each longitudinal cell row thus become separated by two, four, 
or eight cells. The intervening cells may be six, however. 
The number of divisions in neighboring rows may be different ; 
and through the resulting displacements the original regularity 
of the hair zones is destroyed. 

In the root of A. caroliniana the differentiation of the tri- 
chomes proceeds as in A. filiculotdes. 
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The full grown hair may attain a length of about 2™™. Its 
short base and the position with respect to the other elements 
of the epiblema, which it occupies in consequence of its peculiar 
origin, give this sort of trichome a distinctive character (fig. 70). 
The fact will be appreciated upon comparison of the figures 
accompanying these notes with the root-hairs of ordinary 
dicotyledonous plants. 

The superficial layer of the root trunk in A. filiculoides and A. 
caroliniana may be described as usually comprising, apart from the 
apical cell, four regions. Beginning with the youngest, these 
are: (1) a region of embryonic tissue in which the divisions 
are equating divisions ; (2) a short zone where the divisions are 
differentiating divisions, giving rise ultimately to two sorts of 
members, trichomes and flat or prismatic cells; (3) a more 
extended belt, in which the cells of the second class again 
undergo equating divisions, and elongate; (4) a region of 
matured and fixed tissue, covering the greater part of the root. 
These regions represent successive stages in the genesis of 
the layer under discussion. An epiblema with such a complex 
history is characteristic not only of Azolla—a highly special- 
ized, terminal group—but of wide ranges of fern allies and 
monocotyledons, and of an isolated group of dicotyledons. My 
attention was first drawn to the matter by the similarity of 
Sagittaria and Nymphaea in this respect. I find a similar type 
of epiblema in many members of Juncaginaceae, Potamogetona- 
ceae, Aponogetonaceae, Naiadaceae, Alismaceae, Hydrocharita- 
ceae, Juncaceae, Cyperaceae, Gramineae, Commelinaceae, 
Xyridaceae, Eriocaulaceae, Haemodoraceae, Zingiberaceae, 
Marantaceae, Orchidaceae; and in Nymphaeaceae (Nymphaea, 
Nuphar, Brasenia, Cabomba ) alone among the dicotyledons 
examined. That the same trait is exhibited by such divergent 
groups as Lycopodium Isoetes (already noted by Bruchmann), 
Selaginella, and Equisetum—the last two instances seem to 
have been overlooked—shows that we have to do with an old 
element in vascular plants. 


THE AMES BOTANICAL LABORATORY, 
North Easton, Mass. 
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EXPLANATION OF PLATE XVI. 


All figures except figs. 7, 2,72, were drawn with the aid of the camera 
lucida. 
Fic, 1. Longisection of the growing apex of the stem in Azolla filiculoides 
(after Strasburger): RI, root initial; SI, sheath initial; s, st, segments 
of sheath initials; XK 260. 

2. Fundament of the root in the same species (after Strasburger): Ac, 
apical cell; ci, cap initial; s, st, outer and inner sheaths; 260. 

3. Longisection of a young root of A. filiculoides ; S, sheath ; ct, Cc? outer 
and inner caps; X 450. 

4. Longisection of the growing tip of a root of A. f/iculoides (microtome 
section from material embedded in paraffin); D, periclinal division at 
apex of inner cap; C’, C?, outer and inner caps; TI, hair initial; X 450. 
5. Hair initials and intervening cells at the beginning of the growth of 
the hairs, about ten cell pairs removed from the oldest shown in 
Jig. 4; X 450. 

6. First transverse division of intervening cell; X 450. 

7. Young root hairs seen in tangential section of the root, showing 
zonal arrangement ; X 450. 

8. Origin of the hair initials; close of mitosis and forming cell-plate are 
seen at D; X 750. 

. g. Young hairs in radial longisection, separated in the row by four 
intervening cells; X 300. 

. 10. Base of mature hair, between elongated epiblema cells; 450. 

. 11. A, initials at the edge of the root-cap, and B, relatively young hairs 
near the tip of the growing root of Lycopodium lucidulum ; the arrow 
shows the direction of the root apex; X 450. A peculiarity of Lyco- 
podium is that in most species the hair initials usually divide longi- 
tudinally, so that the hairs stand in groups of from two to four. 

. 12. Habit of Azolla filiculoides ; X 5. 

. 13. Terminal portion of root, showing cap and root-hairs; X 24. 
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STUDIES IN THE FERTILIZATION OF PHYCO- 
MYCETES. 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 
XLII. 

FRANK LINCOLN STEVENS, 

(WITH PLATE XVII) 

SCLEROSPORA, a genus of the Peronosporales, stands in a way 
intermediate between the Peronosporaceae and the Albuginaceae, 
a position that renders the problem of gametogenesis and fer- 
tilization of particular interest. This genus has heretofore 
received no cytological investigation. 

The oogonia of Sclerospora average about 45 to 50#in diam- 
eter and are irregularly spherical in shape. The oogonial wall, 
even in young stages, is much thickened, thus forming a marked 
contrast with either Peronospora or Albugo. This wall aver- 
ages from 3 to 5m in thickness, and stains readily with 
orange G. 

Each oogonium contains approximately forty to fifty nuclei, 
borne ina cytoplasm differing in no essential particular from that 
of the oogonium of Albugo (fig. 7). The nuclei are relatively 
large and are rather fewer in number in comparison with the size 
of the oogonium than is usual with the other Peronosporales. 
The earliest stages of oogonium formation were not observed, 
so that it is not known whether the peculiar streaming of cyto- 
plasm and the distortion of nuclei observed in Albugo (Istvanffi 
’95, Wager ’96, Stevens ’99) and in Peronospora (Wager ’00) 
obtains here. As in Albugo, the nuclei in the young oogonium 
rapidly enlarge and pass into the spirem condition (fig. 7). From 
this stage on the process resembles that in A.candida (Wager 
’96, Davis ’o0, Stevens ’01) more closely than in other Pero- 
nosporales, yet with certain marked differences. The mitosis is 
closely simultaneous, and may proceed until near metaphase 
without any indication of approaching zonation. When meta- 
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phase is reached, however, the nuclei are found arranged in an 
approximate circle around the region that is to become the 
oosphere (fig. 2). The arrangement is that of A. candida rather 
than of A. Slit, and is such that no daughter nuclei can re-enter 
the oosphere region. 

The exodus of nuclei is not complete, otherwise the oosphere 
would be enucleate and the condition would be like that of 
A. Bliti, One nucleus and, so far as my observation goes, one 
only remains behind with the coenocentrum, agreeing in this 
particular with A. candida. This nucleus may be seen there later 
in mitosis (fig. 2). This stage is directly comparable with that 
of Albugo represented by fig. 74 in Stevens ’O1, with the difference 
that zonation is delayed longer in Sclerospora than in A. candida. 
The sequel of this condition is given in fig. 3, were one super- 
numerary nucleus is wandering toward the periplasm, leaving 
the female pronucleus in contact with or imbedded in the 
coenocentrum. 

During the completion of the mitosis the ooplasm and peri- 
plasm become clearly differentiated, but as yet no plasmoderma 
exists. This process of differentiation has been termed zonation, 
and is here accomplished by a withdrawal of cytoplasm from the 
periphery of the oogonium, as in Peronospora (Wager ’o0, fig. 2) 
and Albugo candida (Stevens ’Ool, fig. 74), not by an aggregation 
of separate dense regions, as in A. Bliti (Stevens ’99, figs. 59-61). 

At all times during oogenesis there is maintained in the 
oogonial wall contiguous to the antheridium an unthickened 
region (figs. I, 4, 5). 

In all the early stages of oogenesis the oosphere is seen to be 
eccentric, indeed the plasmoderma is usually almost in contact 
with that side of the oogonium adjacent to the antheridium (fg. 
47). In cases of shrinkage it is also observed that the oogonial con- 
tents adhere firmly to this side of the oogonium, a phenomenon 
to be observed also in Albugo. 

The coenocentrum is shown in figs. 2-4, and a trace of it still 
persists in fg. 5. In Sclerospora this structure is not so definite 
as in Albugo candida and A. Tragopogonts. Its highest differentia- 
tion is shown in fig. 2, where it consists merely of a region of 
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dense cytoplasm in the center of the oogonium, differentiated 
into two portions of varying density. In history and structure 
the coenocentrum agrees well with that of A. But, with the 
exception that the central globule has not yet been demon- 
strated. 

In function the coenocentrum serves to attract and to retain 
the female pronucleus, as in A. 7vagopogonis and A. candida 
(Stevens ’o1), and in Peronospora parasitica (Wager ’00). No 
evidence of nutritive function was apparent as in the case of the 
forms of Albugo just mentioned. 

The mitosis in Sclerospora is in general of the type described 
for A. Bliti (Stevens ’99). The spindle is intranuclear, the mem- 
brane persisting until metasphase. No centrosomes or polar 
radiations were seen. Chromosomes were not counted with 
accuracy, but they are few in number, probably four. 

The antheridium in Sclerospora is usually very small, and is 
closely appressed to the oogonial wall (fig. 4). Usually it is 
impossible to distinguish the antheridial wall from the oogonial, 
and very frequently the thinning of the oogonial wall gives the 
antheridium the appearance of being imbedded in it. The 
antheridial nuclei enlarge simultaneously with those of the 
oogonium, and undergo mitosis. No receptive papilla was seen, 
and this peculiar structure may be lacking in the genus. 

Communication is opened between the antheridium and the 
oogonium by the bulging and eventual rupturing of the oogonial 
wall at the thin point between these organs. The edges of the 
ruptured wall thus extend inward. The antheridial tube, which 
is soft and gelatinous, penetrates the oosphere, discharging its 
contents before it reaches the center (fig. g). The track of the 
antheridial tube remains in evidence for some time as a denser 
region in the cytoplasm. 

The male pronucleus is slightly smaller than the female and 
is more ovoid in form (fig. 7). It migrates to the female and 
fuses with it, but the fusion was not studied critically owing to 
the smallness of the nuclei. 

The oogonial wall, as stated above, is much thickened even 
in the youngest oogonia, and it does not change in dimensions 
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as it matures. With zonation the regions of ooplasm and peri- 
plasm are clearly mapped (fig. 3), and with the opening of the 
antheridial tube the plasmoderma appears. The oospore wall 
now develops rapidly, first appearing as a clearly defined wall 
(fig. 5), then rapidly increasing in thickness (fig. 6). As the 
oospore wall thickens the oogonial wall collapses in irregular 
folds (fig. 6), and the periplasm and periplasmic nuclei degene- 
rate. The protection afforded by these two thick walls appears 
to hinder seriously the penetration of killing and fixing fluids or 
subsequent manipulation, and no good preparations showing 
nuclei were obtained at any stage after the second wall was far 
devéloped. 
GENERAL CONSIDERATIONS. 

The general bearing of the cytological evidence on the rela- 
tionship of Sclerospora is to emphasize its affinity to the Peron- 
osporaceae rather than to the Albuginaceae, and to indicate its 
specialized rather than primitive character. The general course of 
development of both antheridium and oogonium, and the behavior 
of the periplasm are as in the whole group Peronosporales. The 
mitosis in both of these organs has been shown by Trow 
(’99, 01), Hartog (’95), Wager (’96, ’00), Miyake (’o1), Stevens 
(’99, ’o1), King (’02), and others, to be characteristic of both 
Saprolegniales and Pernosporales. 

The mode of zonation in Sclerospora is not that of the Sapro- 
legniales (Trow ’o1, Miyake ’o1, Hartog’g5), nor of the primitive 
Albuginaceae (Stevens ’99). It does agree closely, however, 
withthe Peronosporaceae. Whilethe zonation of 4.candidaagrees 
with that of the Peronosporaceae, Sclerospora shows by the nacure 
of its coenocentrum, which in structure, history, and function is 
clearly like that found in Peronospora, its closer relationship to 
the Peronosporaceae than to any Albugo. 

The conclusion regarding the relationship of the genus, purely 
from cytological standpoint, coincides with that drawn from the 
gross study of asexual spore-bearing organs, and emphasizes the 
relationship of this genus to Peronospora, of which genus it was 
once considered a member. 

Sclerospora, as shown by the combined evidence of the 
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double investment of its oospore, the character of its conidio- 
phores, and its cytology, probably separated early from the main 
line of the Peronosporaceae, at a time much later than the diverg- 
ence of the Albuginaceae from the Peronosporaceae. 

It is a pleasure to acknowledge indebtedness to my wife for 
the plate accompanying this article. 


COLLEGE OF AGRICULTURE AND MECHANIC ARTs. 
Raleigh, 
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EXPLANATION OF PLATE XVII. 


All figures are from raaterial killed in chrome-acetic acid and stained with 
Flemming’s triple stain. The figures were sketched with the aid of an Abbé 
camera, using the Leitz +4y objective, ap. 1.30. ‘The original drawings gave 
an enlargement of 1790 diameters, and have been reduced one-third in repro- 
duction. 


Fic. «. Young oogonium and antheridium; nuclei in spirem ; wall thick- 
ened and staining darkly with orange G. 

Fic. 2. Nuclei migrating to periphery ; coenocentrum well developed ; one 
nucleus in metaphase anchored to it; peripheral nuclei in advanced prophase. 
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Fic, 3. Zonation ; mitosis completed; one daughter nucleus remaining 
with coenocentrum, the other passing to periplasm. 


Fig. 4. Fertilization ; antheridial tube ruptured, emptying one nucleus into 
oosphere ; female nucleus resting in coenocentrum. 

Fic. 5. Oospore wall forming; periplasm and periplasmic nuclei degen- 
erating ; remains of autheridium and trace of the tube in periplasm. 

Fic. 6. Winter condition. 

Fic. 7. Pronuclei just before fusion. 
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NOTES ON SASSAFRAS. 


EDWARD W. BERRY. 


(WITH PLATE XVIII AND FOUR TEXT FIGURES) 


Monotypic genera are always of more than ordinary interest, 
especially when they have a geological history. Our common 
Sassafras proves no exception to this statement. Ranging in size 
from a bush to a tree 125 feet high and with a trunk seven feet 
in diameter,’ distributed from Massachusetts west to Iowa and 
Kansas, and from Ontario and Michigan south to Florida and 
Texas, ascending to 3500 feet above the sea level in Virginia, 
it is equally at home in the dry sandy soil of some of our road- 
sides or in rich woodlands. Belonging to a cosmopolitan trop- 
ical family of over 900 species, some of which were well known 
in the most ancient times, and many of which are of consid- 
erable economic and medicinal value (camphor, cinnamon, 
etc.), the common Sassafras was first described by Linnaeus 
as Laurus Sassafras,? in allusion to the common Spanish name. 
It is with the leaves that we are principally concerned, and it is 
interesting to note that all of our manuals speak of them as 
‘“‘entire or three-lobed,’’3 or as ‘‘entire to three-lobed,” ¢ although 
in reality they are often four or five-lobed, not occasionally, but 
regularly so, some trees having all their leaves similarly four or 
five-lobed, while I have occasionally found specimens with six 
lobes. Most authors, lacking the time or material for verifi- 
cation, repeat previously published statements which are often 
misleading. Believing that there is no organ whose variations 
are not without significance, especially in view of the impor- 
tance recently assigned to the statistics of variation, I have 
examined several hundred leaves of Sassafras of all ages, from 
trees of all sizes, and from all positions; from saplings, shoots 
from trunks, barren and flowering branches, etc. A discussion 

*BriTTon, Illus. Fl. 2:97. 1753. 3WoobD, Classbook, p. 620. 

4GRAY, Manual; CHAPMAN, Southern Flora; Britton, Ill. Flora. 


426 [DECEMBER 


1902] NOTES ON SASSAFRAS 427 


of the variations, necessarily brief, is followed by an examina- 
tion of the numerous fossil leaf-forms which have been referred 
to this genus, and their probable relations are pointed out. 

SIMPLE LEAVES.3—Greatest length 190™™, greatest width 
107™"; shape varying from lanceolate, through ovate lanceolate, 
to almost orbicular; tip truncate, rounded, or cuspidate ; lateral 
margins ascending at an angle of about 45° at their base; base 
narrow and more or less decurrent on the petiole, especially in 
young leaves ; texture from membranaceous to coriaceous. In 
texture, however, as well as in general form and character of 
venation, the leaves of a single tree proclaim their relationship, 
so that particularly pointed lobes or the reverse, broad short 
leaves or the reverse, very thin or very thick leaves, whether 
simple, bilobed, trilobed, or multilobed, all have the same aspect. 

Bud leaves are always narrow, with ascending laterals forming 
an angle of 30° or less; somewhat older leaves, about June 1, 
when they are about 60 or 70™™ in length, had the primaries and 
secondaries indistinguishable in 68 per cent. of the leaves exam- 
ined, in numerous older leaves the primaries are only to be 
distinguished by their greater length, are rarely opposite, and 
sometimes have a pair of secondaries below them nearly as large. 
There were an equal number of primaries and secondaries on 
each side in 60 per cent. of the leaves examined. 

BILOBED LEAVES.— The bilobed leaves are more variable than 
the simple leaves, varying in outline from oblong-lanceolate to 
nearly orbicular. The lateral lobe may be broadly rounded or 
even reduced to a small blunt protuberance, or it may be nar- 
rowly acute, extending at almost right angles, or directed upward 
and not extending above the basal half of the leaf; or it may 
extend as far as the tip of the main blade and nearly equal it in 
size. The sinus varies from a slight wide depression extending 
only one-eighth of the distance to the midrib, to one extending 
three-fourths of the distance, and wide and obtuse or narrow and 
acute. Venation, of course, is inequilateral. Eighty per cent. 


have first secondary lower, and primary generally higher on the 
lobed side. 


SIt is well to note that any statements made here refer only to the series I have 
examined. 


‘ 
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MULTILOBED LEAVES (Plate XVI/I.)—It is among the 3- 
5-lobed leaves, however, that the greatest variation prevails. In 
the trilobed forms the lobes vary from broadly obtuse to nar- 
rowly acute (rarely retuse), from mere lateral prominences to 
broad lobes extending nearly to the top of the leaf. They 
may never extend above the 
basal half of the leaf, although 
directed upward, or they may 
extend at right angles, or even 
occasionally be recurved. 
They may be orbicular or 
long narrow fingers enclosing 
a deep rounded sinus which 
extends nearly to the midrib. 
In a leaf 165™" long and 
127™™" wide the sinus extended 
to within 3.507" of the mid- 
rib. Out of 102 leaves con- 
sidered of sufficient interest 
to sketch, 45 were approxi- 
mately bilateral, and’ 57, or 
about 56 per cent., were more or less greatly inequilateral. While 
this is not a natural proportion, as only divergent forms were pre- 
served, it shows the wide range of variation from a leaf with one 


Fic. 1.—Abnormal leaf of Sassafras; 
reduced two-thirds. 


lobe acute and extending at right angles a distance of but 7™™ 
from the wide shallow sinus and three-elevenths from the base, 
the other oblong and ascending, extending nine-elevenths of the 
distance to the tip, and enclosing a deep, narrow sinus ; to leaves 
in which one half is nearly the exact counterpart of the other. 
The base varies from narrowly ascending in the younger leaves 
to nearly truncate ; all of the leaves seen, however, are more or 
less decurrent. The anomalous leaf shown in fig. 7 is worthy of 
special mention as having an almost palmate venation, there being 
four and the indication of a fifth possible primary. The right 
hand sinus runs to a narrowly acute point, and entirely lacks the 
marginal venation so characteristic of Sassafras. 


The bases of the primaries may be from 5—7™™" apart or they 
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may be opposite; they may form an acute angle with the midrib 
but 6 or 7™™ from its base; or they may not branch from the 
midrib until one-fourth the distance to the tip is traversed 
(one example four-fifths and one three-elevenths). 

The typical five-lobed leaves, excluding those with four 
lobes, which are similar with the oblitera- 
tion of the sinus of one of the lobes, or 
are the typical trilobed leaves with a 
small extra lobe on either side of the 
terminal or lateral lobes, sometimes even 
having six lobes (fig. ¢), are strikingly 
handsome leaves and would hardly be 
taken for Sassafras leaves by even a 
trained observer. They undoubtedly 
represent a great development laterally 
of the typical trilobed forms with the 
additional small lobes (fig. 2), all the 


Fic. 2.—Abnormal leaf 
of Sassafras; reduced two- 
thirds. 
lobes becoming greatly 
broadened and somewhat 
orbicular in outline. 
They are constant on 
some small trees which I 
have had under observa- 
tion, and may represent 


the result of a super- 
abundant food supply, as 


they all grew in rich soil 
of open woodlands. 
These leaves are nearly Fic. 3.—Abnormal leaf of Sassafras ; reduced 
orbicular in outline, a ‘Wo thirds. 

large specimen measuring 156™™ in length by 200™™ in breadth 
(fig. 3), and consist of a central lobe and a pair of lateral 
lobes on each side, all nearly equal in size and separated by 
deep spatulate sinuses. The tips range from acute to rounded, 
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and in several instances are even retuse. The base of the leaf is 
in all cases decurrent and the angle of divergence of the ascend- 
ing margins never exceeds and seldom equals 45°. While the 
comparative size of the lobes varies somewhat, the leaves are 
approximately bilaterally symmetrical. This form seems to have 
escaped attention hereto- 
fore, and none of the fos- 
sil forms referred to this 
genus resemble it in the 
least except S. platanoides. 
An ancient form which re- 
sembles these five-lobed 
leaves in outline is Fon- 
taine’s Aralephyllum obtu- 
silobum ; the latter, how- 
ever, has thicker veins and 
the lateral lobes are not so 
extensively developed ; and 
the lateral which runs from 
the primary to the extra 
lobe is inserted much nearer 


the base than in the mod- 
Fic. 4.—Abnormal leaf of Sassafras; ern leaves. 
reduced two-thirds. 


The venation of the mod- 
ern leaf is uniform in its variation. Safe rules for guidance 
in determining fossil forms would be the following: The prima- 
ries are opposite or sub-opposite (while this is not strictly 
applicable to the simple leaves it seems to be general in the 
lobed ones); they branch from the midrib a considerable dis- 
tance above its base, thus differing from Aralia, Cissites, 
Platanus, etc.; the base is never enlarged to form basal lobes 
as it is in Menispermites, Aralizephyllum, Protophyllum, Aspidio- 
phyllum, Platanus basilobata, etc ; margins are entire; obviously, 
if any of the ancestral forms were dentate, this character would 
reappear occasionally in their descendants (all known Laura- 
ceae have entire margins). A somewhat constant character 
in Sassafras leaves is the venation of the basal portion of 
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the blade. A pair of secondaries or tertiaries branches from 
the petiole at the juncture of the leaf-blade and forms its 
ascending margins, becoming slightly separated where the latter 
curves outward —a short distance above the base of the primary 
the lowest lateral curves toward the margin; just before reaching 
the margin it forks, the lower short branch joining the marginal 
vein and the other branch curving upward; the former together 
with the marginals form a rough inverted isosceles triangle, whose 
base is usually approximately on a level with the point of inser- 
tion of the primaries or slightly higher. This arrangement 
occurs in all the normal leaves examined by me, numbering sev- 
eral hundred, and in the abnormal forms it occurs in all but seven 
specimens out of 229. I fail to find this feature in any of the 
published figures of fossil forms, but it is a character which would 
be easily obliterated or overlooked, as marginal veins would not 
be distinguishable from margins unless they were of considerable 
size or the matrix were exceedingly fine-grained. A remarkable 
character of the modern lobed leaf, first pointed out by Lester 
F. Ward®, are the marginal veins at the bottom of the sinuses. 

In the normal trilobed leaf about half the distance from the 
lateral primaries to the tip of the leaf is traversed before the first 
pair of secondaries branch from the midrib; the interval is filled 
with cross and horizontal veins which belong to the tertiary sys- 
tem; the secondaries in question leave the midrib at usually a 
wide angle, and curving upward pass directly to the sinuses. 
Here they are not lost but fork at a wide angle, often 160°, the 
two branches following the margins of the sinus for more or less 
distance until they leave them to join the branches given off 
from the primaries below and the next pair of secondaries above. 
This is nearly a constant feature of the modern leaf, recurring in 
substantially the same manner in all forms of the leaf, whether 
2, 3, 4, 5, or 6-lobed. In leaves in which the sinuses approach 
the midrib closely there are numerous tertiary veins passing 
directly from the midrib to the sinus and from the primary to 
the sinus, joining its marginal vein. Just what purpose is served 
by this marginal vein in the economy of the leaf is difficult to 

6Bull. 37, U. S. Geol. Survey, p. 61. 
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say. It might serve to strengthen the leaf and prevent tearing 
where the lobes are large; at any rate it is an acquired feature 
the origin of which is shown in some specimens and serves to 
prove that the ancestral leaf was simple, and not lobed as Ward 
holds; it also rules out the contention that ancient leaves lack- 
ing this arrangement are not forms of Sassafras, as we would 
hardly expect this character in the ancestral forms becoming 
lobed. 

This marginal vein at the bottom of the sinus was lacking in 
fifteen single instances, and a secondary sinus lacked it in four 
instances out of a total of 201 leaves examined especially because 
of their diverse lobation. In nature it is undoubtedly a nearly 
constant character. In some cases the secondary which runs to 
the sinus is continued into the upper or the lateral lobe, anda 
tertiary from the midrib unites with one from the primary, then 
running to the sinus in the usual manner; or it may be a branch 
from the secondary together with one from the primary which 
forms the margin; the latter, however, is always thickened irre- 
spective of the system to which it seems to belong. I have col- 
lected several specimens in which the secondary forks before 
reaching the sinus, the branches striding it after the manner 
which usually obtains in the lobed leaves of a variety of genera, 
the branches connecting with the branches from the next sec- 
ondary above and with those from the primary below. 

No fossil American Sassafras has, orat least shows, this pecul- 
iar marginal venation, but it occurs in a European representa- 
tive of this genus according to Ward?. The secondary seems 
to run to the sinus in S. dzlobatum, S. platanoides, and in some 
specimens of S. progenitor. The form which Lesquereux describes 
as Aralia acerifolia® approximates this style of venation as does 
also the leaf referred to Lindera venusta®, which leaf Knowlton 
refers to Benzoin. 

On general principles we would expect the ancestral Sassa- 
fras to have had simple, lanceolate, or ovate-lanceolate leaves 
with entire margins. Not only is this a rule among the Laura- 


7 Sassafras Ferrettianum Mass., from Senegal. Fl. Foss. de Seneg. A/. 72. fig. 7. 


®Cret. and Tert. Fl. A/. 49. fig. 5. 9 See Fl. Dak. Group, //. 76. figs. 1-2. 
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ceae, but even in the existing Sassafras, aside from some striking 
exceptions, the majority of the leaves on full grown trees are 
simple. It is doubtful if we shall ever know these ancestral 
forms as such even if found, as they will probably be described 
as Laurus. Inall probability the ancestral forms of all the dico- 
tyledons were developed in an area remote from localities where 
fossilization was going on, as suggested by MacMillan’. In 
Liriodendron the variation from the oldest to the youngest leaf 
on a shoot from the modern form epitomizes the phylogeny in 
a general way. If the like holds good in Sassafras it would hint 
at an ancestor with trilobed leaves, for in all the forms which I 
have examined there seems to be a somewhat constant gradation 
from the outer (older) two or three-lobed leaves, through the 
siple lanceolate or ovate-lanceolate bud leaves, to the spatu- 
late-ovate bud scales, which persist to form the involucre of the 
flower cluster. 

Paleobotanists associate the name Sassafras with lobed leaves, 
and I do not know of a single specimen of a simple leaf which 
has been described as Sassafras, although several leaves referred 
to other species might easily be forms of Sassafras, as for 
instance Cinnamomum Heert Lesq. from the Dakota group™. 
Premising this much what shall we say of the relations of the 
numerous fossil species of bilobed and trilobed leaves which 
have been referred to this genus, ranging in time from the Poto- 
mac formation upward ? While some are undoubted forms of 
Sassafras and have always been known as such, others are just 
as undoubtedly not forms of Sassafras at all. Very diverse opin- 
ions have been advanced as to their proper position. Saporta 
questions all of the references of trilobed leaves to Sassafras, 
and suggests their affinity with Aralia, pointing out their resem- 
blance to the Central American genus Oreopanax. Araliopsis 
has always been a convenient shelf on which to place these 
leaves, but it seems to me that such references are altogether 
unsatisfactory. Lester F. Ward” is of the opinion that it is 


70 The probable physiognomy of the Cretaceous plant population. 
27: 336. 1893. 


™F], Dak. Group, p. 105, /. 75. fig. 7. 
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12 Proc. Nat. Museum 11: 39-42. f/s. 77-22. 1888. 
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doubtful if any of the so-called Sassafras leaves from the Dakota 
Group are correctly named, and says that they will eventually 
be recognized as interrelated with Platanus. While there is 
much in favor of this view, especially in the case of some spe- 
cies (which will be considered in their proper place), it is too 
sweeping and will have to be qualified. 

The existing species is noted for its variable leaves, which 
may be simple, 2, 3, 4, 5, or 6-lobed, and we quote from 
Lesquereux to show with what certainty he regarded some of 
his determinations. In speaking of S. platanoides, he asks ‘‘is it 
referable to Sassafras, Aralia, or Platanus?*3’’ S. muiradile he 
originally referred to Platanus; he asks ‘‘ what is Aspidiophyllum 
dentatum, Sassafras or Platanus?” He says of S. dissectum that it 
‘‘has in the division of the lateral lobes the character of Aralia, 
while by its size and general outline itisa Platanus, and still fur- 
ther by the basilar prolongation and dentate lobes it is merely a 
variation of S. miradile, or in the still farther development of the 
base it approximates Aspidiophyllum and Menispermites ; in 
fact incomplete specimens of Aspidiophyllum which lack the 
basal portion have generally been referred to Sassafras.” 

| propose to consider the various fossil species in the light 
of the modern leaf, and believe that the relations which are sug- 
gested in the following pages, while necessarily imperfect, are 
more natural than any treatment heretofore accorded them. 
While all attempts at phylogeny are necessarily hypothetical, 
especially when dealing with only one set of organs, such as 
leaves, and many of these scattered and fragmentary, I have 
not hesitated to theorize, believing that such attempts when 
founded on careful study not only serve to coordinate existing 
knowledge of the group but furnish starting points for new lines 
of investigation. I exclude for the present any consideration of 
the species from Europe or the Arctic region. 

The oldest species referred to this genus in America are 
Fontaine’s three Potomac species as follows : 

SASSAFRAS PARVIFOLIUM may be dismissed with the statement 
that there is nothing about this fragment of a small leaf to war- 


13 Fl, Dak. Group. p. 231. 
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rant its reference to Sassafras. Of rare occurrence, it probably 
represents a young leaf of some unrelated species, or possibly of 
the leaf which Fontaine describes under the following name. 
SASSAFRAS CRETACEUM HETEROLOBUM resembles S. cretaceum obtu- 
sum Lesq. from the Dakota formation and the Cheyenne sandstone, 
but is considerably smaller and with more pointed lateral lobes. 
We may class it with the doubtful forms referred to Cissites, its 
general outline (except the pointed lobes) being quite similar 
to Cissites salisburiaefolius Lesq. from the Dakota formation, 
which species Lesquereux determined as Populites, Sassafras, 
and Cissites successively. Or we may consider it as related to 
the ancestral form from which Platanus, so extensively devel- 
oped in the succeeding strata, was developed. At any rate, | 
see no reason why it should be considered a species of Sassafras. 
SASSAFRAS BILOBATUM.—While the outline of this leaf does 
not exactly conform to any modern bilobed Sassafras leaf known 
to me, it is nearer the latter than it is to any other leaf. The 
right-angled sinus with straight sides and running to a point is 
also a feature not seen in the modern leaf. In the latter, when 
the sinus runs to a point it is narrow and deep; and when it 
forms a right angle it is curved and the resulting lobe is gener- 
ally obtuse and but slightly produced. We have characters 
which ally this ancient leaf to Sassafras in the decurrent base ; 
the sub-opposite primaries, as they usually are in the bilobed 
leaves of the existing Sassafras ; the position of the secondaries ; 
and especially in the secondary running to the sinus, a feature 
we would hardly expect to find in so primitive a leaf. We would 
consider the bilobed leaf as a more ancient type than the tri- 
lobed form, and removed from the ancestral simple leaf by a 
series beginning with leaves with but a slight depression mark- 
ing the position of the future sinus, and a slightly produced 
obtuse lobe, through forms partially paralleled in the modern leaf, 
in which these features were more and more emphasized. Just 
why the leaf became lobed is largely conjectural. The primaries 
form a more acute angle with the midrib than do the second- 
aries, especially in the simple leaves; they are the first and 
largest arteries branching from the midrib; in the growing leaf 
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they are carried upward, while new laterals are added toward 
the tip of the blade. It may be that the diagonal position of 
the leaves in the bud causes pressure at that particular lateral 
part near the tip of the primary, causing more or less atrophy of 
that part of the blade. This tendency once inaugurated the rest 
is simple, for those portions of the leaf at the tips of the prima- 
ries would have nearly all their leaf-forming energy expended in 
increasing the length of the lobe; possibly especially good envi- 
ronment was a factor in the original lobation, as witness the great 
development of the lateral portions of the leaf blade in the five- 
lobed forms occurring in rich soil. The Potomac species under 
discussion bears some resemblance to certain species referred to 
Sterculia, as well as to the asymmetrical terminal leaflets of 
some compound leaves, but I feel that we are justified in con- 
sidering it a true Sassafras—the first that we can identify as 
such with any degree of certainty. As pointed out by Fontaine 
in the fragment of this leaf figured (by him), the opposite pri- 
mary is considerably stouter than its fellow which runs to the 
lobe which is preserved, lending color to the supposition that 
this species was also trilobed. 


The next forms which we have to consider are those recorded 
from the Cheyenne sandstone of Kansas. They were probably 
contemporaneous with the foregoing or possibly somewhat more 
recent, and flourished about 1000 miles to the westward. 

SASSAFRAS sp. Knowlton in Hill, Am. Jour. Sci. 1: 212. 
1895, represents fragmentary remains of doubtful identity from 
Belvidere, Kansas. 

SASSAFRAS OBTUSUM Lesgq,, first described by him as Populites 
salisburiaefola in 1868, then as Sassafras, and then as Cissites, 
and SASSAFRAS CRETACEUM oOBTusUM Lesq. had both better be 
referred to Cissites ; at least this is a more natural place for 
them among the Lauraceae. Newberry includes them both in 
his composite species S. cretaceum. They resemble somewhat 
the trilobate forms of Cissites harkerianus Lesq., and also C. 
insignis Heer, and there is a distant resemblance to Dawson’s 
Sassafras Selwyniti from the Canadian Upper Laramie. They are 
both found in the Dakota formation, and S. cretaceum obtusum 
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also occurs in the sandstone at Belvidere, Kansas. The primaries 
are sub-basal, and the secondaries are straighter than in the 
modern Sassafras. The texture of these leaves differs widely, 
and the basal midrib is very wide. Some specimens show a 
tendency to become dentate. MHollick™* compares his Czssites 
platanoidea with S. obtusum Lesq. 

SassAFRAS MupcGe1 Lesq.—According to Newberry, this is 
merely a variety of his S. cretaceum, but we fail to see any ground 
for this association except that they resemble somewhat the 
narrower lobed leaves ascribed to that species. They are some- 
what intermediate between these forms and the more typical 
S. acutilobum, but are much more like the modern leaf than either. 
Lesquereux’s figs. 3 and 4. pl. rg, Cret. Fl., we consider to be 
typical forms of this species. In the lengthening of the termi- 
nal lobe they approach the modern Sassafras ; and we see no 
venation characters which are unlike the modern leaf, for while 
no marginal veins are discernible, they might have been present 
in fig. 3, and both figures approach Sassafras in the relations of 
their secondary members in this region. If it be certain that 
the fruit has been found in the same strata as Lesquereux 
asserts,’ it only serves to substantiate the impression otherwise 
obtained that they are true Sassafras leaves. The lateral mar- 
gins of both the base and the lobes are straighter and more 
ascending than in the existing Sassafras, and the margin shows 
a tendency to become wavy. Lesquereux’s other figure referred 
to this species differs in the size and direction of the lateral 
lobes, in the sub-basal primaries, and in the acute tip; the vena- 
tion also is somewhat dissimilar, the ascending margins bulge 
outward, and the base is not decurrent on the petiole, as it is 
most markedly in his figs. 3 and g. It resembles somewhat the 
forms which Newberry refers to S. acutilobum, but we do not 
consider it a Sassafras. Ward's fragmentary leaves from the 
Black Hills are of doubtful identity. The more perfect speci- 
men which he originally referred to Lindera venusta Lesq., 
which it resembles in outline, is a smaller leaf than S. Mudge, 
with sub-basal primaries, considerable breadth of blade, and 


“Bull. Torr. Bot. Club 22: 226. 1895. 5 Fl. Dak. Group, p. 230. 
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reduced terminal lobe. It may be Platanoid, Cissoid, or Aralioid, 
but is hardly a Sassafras leaf. If the reference of leaves from 
the Cheyenne sandstone to this species be correct, it had a con- 
siderable range in time, extending from the Lower into the 
Upper Cretaceous. 

SASSAFRAS CRETACEUM RECURVATUM Newb.—Three to five- 
lobed subcoriaceous leaves ; primaries branching from the mid- 
rib in the decurrent base, borders undulate; resembling the 
Araliaceae in the tendency to become five-lobed. Newberry’s 
and Lesquereux’s figures ® agree with each other and differ frum 
those of S. cretaceum, of which Newberry considers them a 
variety in the craspedodrome venation, and the tendency of 
the lobes to become sub-lobate or undulatory, a tendency quite 
pronounced in Lesquereux’s specimens cited. Lesquereux’s 
third figure’? differs in being distinctly trilobate with campto- 
drome venation, and greatly resembles in outline the leaves 
which he refers to S. cretaceum. It also resembles his S. mura- 
bile, being, however, fuller in its basal half. The typical forms 
of this species™® are closely related to some of the forms of 
Platanus latior and P. Heeri in the undulate margins and the 
strong development of the secondary branches from the 
midrib? and undoubtedly should be referred to Platanus. 

SASSAFRAS LECONTEANUM Lesq.—This name embraces leaves 
from the Dakota Group at Fort Harker, and remains doubtfully 
ascribed to Nanaimo, Vancouver island. Schimper” says of 
them, ‘‘Lauraceae, but doubtful Sassafras.”” Lesquereux™ says 
their ‘relation is with the European Tertiary Benzoin, and the 
existing Nectandra and Lindera.”’ While modern opinion places 
them in the genus Persea, I am disposed to follow Heer in con- 
sidering them a species of Magnolia; they are certainly not 
Sassafras. 

SASSAFRAS ACUTILOBUM Lesq.—The leaves from the Amboy 


6 Cret. Fl. 70. figs. 4-5. 17 Cret. FI. 70. fig. 3. 

NEWBERRY, Later Ext. Fl. N. A., A/. 9, fg 2, and Lesquereux, Cret. Fl. f/. zo. 
figs. 4-5. 

Compare with Cret. Fl. p/. 7. fig. 2, pl. 8. fig. 4; pl. g. fig. 1. 

2 Pal. Veg. 2: 836. **Cret. Fl. p. 75- 
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clays of New Jersey, which Newberry refers to S. acutilobum, as 
well as the single leaf described under this name by Hollick 
from Glen Cove, L. I., are quite different from the majority of 
Lesquereux’s figured specimens from the Dakota formation, and 
evidently are not Sassafras leaves. Newberry’s two small figures 
are fragments which resemble Ficus Woolsont in the position and 
direction of their primaries, the less fragmentary specimens 
resemble somewhat those leaves which Newberry refers to 
Cissites formosus. They are broad leaves with more or less later- 
ally directed, short, broad, acute lobes; the primaries are all 
basal except in one specimen which might be a fragment of 
Sassafras or almost any other triple-veined leaf; the secondaries 
branch from the midrib at irregular intervals and arch, forming 
laterally directed loops a considerable distance from the margin. 
Lesquereux’s S. acutilobum, on the other hand, has long, narrowly 
pointed lobes, the primaries are not basal, the secondaries are 
numerous and branch from the midrib at regular intervals, and 
ascend in regular curves to join the cone next above near the 
margin. His larger leaf greatly resembles the trilobed leaves 
which he refers to Avalia Wellingtoniana from the same formation.” 
The form and size are the same, the primary venation is similar, 
the secondaries arch with almost the same regularity, and form 
similar ascending curves. In the Aralia leaves, however, the 
secondaries in the terminal portions are craspedodsere 
running to the dentate points of the margin, and the basal portion 
of the leaf is produced farther down the petiole. It is also very 
similar to some of Newberry’s figures of S. cretaceum, and together 
with them probably represent transition forms between S. creta- 
ceum and Aralia (so-called). Probable Sassafras fruit has been 
found in the same strata with S. acutilobum®, tending to show 
that it is a true Sassafras, notwithstanding its dissimilarities ; 
however, this is not certain, as the leaves and fruit were not found 
associated. Le»quereux’s smallest figure of S. acutilobum is con- 
siderably smaller, with the lobes directed upward, and is probably 
a young leaf of his larger form. His other figure approaches 
some of the leaves which Newberry refers to this species, but has 


22See Fl. Dak. Group, f/. 27. fg. 7. 23 LLESQUEREUX, F]. Dak. Group, p. 230. 
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narrower and more produced lobes; the secondaries, while indis- 
tinct, seem to conform to those of Lesquereux’s other specimens, 
thereby differing from Newberry’s leaves. The two series are, 
furthermore, widely separated geographically and are from 
different geological horizons. As previously stated, the Amboy 
clay leaves show no affinity to Sassafras; especially is this so in 
the very small, probably young leaves. Whether the Dakota 
group forms are Sassafras or not is not easy to decide. No 
modern Sassafras leaves which I have seen have the primaries 
and the lateral lobes so nearly horizontal; the secondaries are 
not so uniformly regular, nor do they curve upward to join the 
next above ata point. In the modern leaf an outwardly and 
downwardly directed branch from the latter is emphasized. 
There is never such an open sinus, amounting as it does to nearly 
go”, and the lobes in the modern leaf have their margins inflated 
and not straight. In these ancient leaves the sinus never has a 
marginal vein, the secondary in this region forking and striding 
it, or curving to join its neighbor. In all cases the secondary 
system seems to be uniform throughout the leaf, while in the 
modern leaf there is always evidence of changed conditions in 
that region around the sinus ; the secondaries or their representa- 
tives from both the primaries and midrib are changed in size and 
direction and usually belong to the tertiary system. None of the 
Dakota leaves of this species show the characteristic basal vena- 
tion of the modern leaf. While we should not, necessarily, 
expect Cretaceous species to conform to the modern type, still 
the character of the secondary system in the former is so different 
from what would obtain in a leaf descended from a simple 
ancestor, such as we hold Sassafras to have done, that we are 
inclined to associate these leaves with those trilobed forms which 
have been referred to Aralia, laying aside, for the present, any 
consideration as to whether or no they are true species of Aralia. 
Lesquereux originally considered his leaves to be a variety of 
S. Mudgei, which form they resemble somewhat distantly. Leaves 
which have been referred to this species (S. acutilobum) have been 
found in both the Lower and Upper Cretaceous, and at the fol- 
lowing localities: Woodbridge and Cliffwood, N. J.; near Ft. 
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Harker and along the Salina river, Kansas; Glen Cove, Long 
Island, and at Martha’s vineyard. Velenovsky identifies it in 
the Cenomanian of Bohemia, and Oswald Heer’s Greenland 
specimen which he refers to S. recurvata probably belongs here 
(Fl. Foss. Arct. 6: pl. 39. fig. 4). 

SASSAFRAS SUBINTEGRIFOLIUM Lesq.—This leaf Lesquereux 
refers** doubtfully to this species. He is positive that it is refer- 
able to some member of the Lauraceae, comparing the secondary 
venation to that of S. Aesculapi Heer, and the nearly round or 
polygonal reticulation to that of Benzoin. Later® he believed 
that it represents only a deformation of S. cretaceum, especially 
the'var. obtusum. The bilobate form is included by Newberry in 
his S. cretaceum, and Lesquereux seems inclined to agree with this 
reference. Their two figures of bilobate leaves, however, are 
very dissimilar. The tertiary system and general outline are 
clearly like Sassafras, the secondaries are more ascending, caus- 
ing the sinus to be midway between the primary and the first 
secondary, instead of the secondary running to it and becoming 
marginal as occurs in the majority of modern leaves; the pri- 
mary to the entire side is straighter; the lateral branches of the 
primaries are longer and straighter than in the modern leaf; the 
pair of secondaries below the primaries is also a character not 
found in modern leaves, where the lowest lateral branches from 
the primaries and joins the marginal veins to form an inverted 
triangle. Passing over the ambiguous form whose positive rela- 
tions are obscure, we would say in regard to the bilobate form 
that, while it lacks the basal nervation and the secondary to the 
sinus of the modern leaf, it is similar in outline, in primary and 
tertiary venation, and more nearly resembles Sassafras than any 
other leaf-form. We would therefore retain it in this genus, 
keeping it separate from the S. cretaceum of Newberry. 

The Laramie species comprise three or four forms. The 
first, SASSAFRAS sp. Lesq., from six miles above Spring cajion, 
Montana, is not afterward mentioned by that author, and as it 
was never figured we can dismiss it as an undeterminable frag- 
ment. We mention also Dawson’s SassAFRas sp., from the 

24Cret. Fl. 3. fig. 5. 25Cret, and Tert. Fl. 
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Upper Cretaceous of Baynes sound, Vancouver island. All are 
imperfect specimens, representing a small apparently trilobed 
leaf of doubtful affinities. 

SASSAFRAS SELWyNII Dawson.—Dawson says of this leaf ‘As 
much entitled to be referred to Sassafras as many of the Creta- 
ceous species; near to S. cretaceum Newberry, particularly the 
variety obtusum Lesq.” From the Upper Laramie of the Souris 
river region; it was the first representative of this genus in the 
Laramie. It resembles Avalia acerifolia and A. notata Lesq., 
especially the latter, in its venation. The rounded base and 
basal primaries preclude us from considering it a species of 
Sassafras. 

SASSAFRAS (ARALIOPSIS) BURPEANA Dawson.—From the Cana- 
dian Upper Laramie at Shagnappi point, Calgary, Canada. This 
species can also hardly be considered a Sassafras. The second- 
aries are regularly spaced and straight, the margins of the 
terminal and one lateral lobe are straight. It may represent the 
terminal portion of a compound leaf, such as Rhus or Sapindus” 
or it may be the fragment of an Aralia leaf (see A. Masoni 
Lesq). Lester F. Ward considers?” both S. Burpeana and S. 
Selwynit as belonging to the Platanoid group of leaves. Neither 
formcan be allied to any modern Sassafras leaf by any characters 
they present, unless it be the fact that they are trilobed, as are 
also some forms of Aralia, Cissites, Platanus, Aspidiophyllum, 
Menispermites, etc. This leaves not a single species of this 
genus in the Laramie, although Sassafras must have been present 
in the flora of that period. 

SASSAFRAS (ARALIOPSIS) HARKERIANUM Lesq.—Lesquereux 
says of this form, ‘‘evidently related to S. cretaceum obtusum and 
to S. obtusum,’ and “evidently related to Araliopsis.” The 
name includes rounded, trilobate leaves; nearly simple 
rounded leaves; and simpie acuminate leaves very similar to 
Cissites acuminatus Lesq. The primaries are sub-basal as in the 
latter, or are inserted some distance from the base of the blade as 
in Crssites Heertt Lesq. The trilobate forms are included by New- 


26 Compare with Lesq., Fl. Dak. Group, 56. fig. 4, pl. 64. fig. 18. 
27 Geol. Dist. Fossil plants, p. 842. 
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berry in his S. cretaceum; his figure however differs from Lesquer- 
eux’s in that the primaries are as in the modern Sassafras and 
not sub-basal, as in the leaf figured by Lesquereux. It is well 
to consider these leaves as belonging to the Cissoid group. 
The veins, both primary and secondary, are straighter than in 
Sassafras, and more ascending, and are usually craspedodrome 
and not camptodrome as in Sassafras. All are found in Dakota 
strata, 

SASSAFRAS PROGENITOR Newberry.— Newberry is very posi- 
tive that this leaf is a true Sassafras, with which view 
we entirely agree. The small leaf is the exact counter- 
part of the modern Sassafras leaf in outline and vena- 
tion, with the exception that the primaries are basal. While 
no marginal veins are visible at the sinuses, the first second- 
aries leave the midrib and curve upward, running directly 
to the sinuses as in the existing Sassafras leaves. Hol- 
lick’s specimen from Long island, while fragmentary, has a 
short branch running to the sinus in the half of the leaf blade 
which is preserved. Newberry’s other figures each lack the 
basal portion of the blade and one of the lateral lobes; the lobes 
are more obtuse than in his smaller specimen. While the sinus 
appears to lack a marginal vein, the disposition of the second- 
aries and tertiaries in this region is Sassafras-like. The species 
is thus far confined to the Potomac formation, extending from 
the Amboy clays to the Island series, and is remarkable in that 
a Lower Cretaceous form should resemble so closely the existing 
species. 

SASSAFRAS DISSECTUM Lesq.—These very large, palmately 
five-lobed, coriaceous leaves from the Dakota formation of 
Kansas were hardly borne upon a Sassafras tree. They resem- 
ble somewhat S. miradile and Platanus primaeva, and Lesquereux 
considers them* a possible link between these two genera. 
Later he compares them to Aspidiophyllum trilobatum, from 
which they differ in their entire lateral lobes; in the smooth 
and not rugose areolation; and ia having a narrow decurrent, 
instead of an expanded base. Aside from the character of the 

Dak. Group, p. 101. 
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base, they also resemble Lesquereux’s figure” of Aspidiophyllum 
dentatum, agreeing exactly except that in the latter the border 
is sometimes obtusely dentate. 

SASSAFRAS DISSECTUM SYMMETRICUM Hollick.—What was said 
of S. dissectum applies equally well to this variety, at least in so 
far as its characters are known. The fact that the primaries are 
opposite is hardly a varietal character, as witness the varia- 
bility in this respect among leaves of the existing Sassafras. 
The only other differential character, therefore, is that the leaf- 
blade is not decurrent on the petiole but ends at the insertion of 
the primaries. As the general shape of the base is like that of 
the species, and as the variety is founded on a single imperfect 
specimen, it would perhaps be well to consider it as identical 
with S. dissectum, at least until the discovery of more complete 
material. The specimen in question is from the Dakota forma- 
tion near Fort Harker, Kansas. 

SASSAFRAS CRETACEUM Newberry.—Newberry includes under 
this name the various forms described by Lesquereux as S. 
Mudgei, S. subintegrifolium, S. integrifolium, S. obtusum, S. creta- 
ceum dentatum, S. cretaceum obtusum, S. acutilobum, Cissites 
harkerianus, and C. salisburiaefolius. While this shows the 


undoubted composite nature of S. cretaceum, it also shows that the 
extremes of leaf form above mentioned are so closely connected 
with the more typical leaf by a series of intermediate forms that 
the question of where one species shall end and another begin 
is an extremely difficult one. We consider the leaf figured on 
pl. 6. fig. 1, Later Ext. Fl., to be the typical form of this species. 
It bears considerable resemblance to some modern Sassafras 


leaves. Aslight widening of the terminal lobe of some of these 
in the region of its base would give a leaf strikingly like S. 
cretaceum, or were the sinuses of the latter slightly deeper we 
would have the typical modern leaf. The basal portion of the 
leaf is like Sassafras, and the indications point to a similar 
venation in this region. The first pair of secondaries do not 
branch to form margins of the sinuses; the left one runs 
directly to the sinus, however, and may possibly have con- 


29 Dak. Group, A/. 39. fig. /. 
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formed to the margin, but so small as to have been effaced in 
the specimen; the right one is stronger and runs almost to the 
sinus where it makes a sharp turn upward, continuing until it 
joins the next secondary. This feature is analogous to those in 
the modern leaf, which indicates the mode of origin of this 
peculiar character. This leaf seems to form a central figure 
from which a series of forms grade in several directions, culmi- 
nating in quite dissimilar leaves. Lesquereux’s S. cretaceum is a 
more Platanoid leaf, with more acute tips, a tendency to become 
dentate, and with the primaries inserted nearer the base. 
Closely allied to the preceding is his S. (Araliopsis) mirabile, 
which serves as a connecting link with his Platanus recurvata. 
From the aforementioned S. cretaceum of Lesquereux it is but a 
step to such a leaf as the one shown on /. 8. fig. 2, Later Ext. 
Fl., and to the trilobed forms referred to Cissttes harkerianus, 
and these in turn grade into the more Cissoid forms of this 
species, such as those shown on f/. rz. fig. 3, Cret. Fl. The 
primaries are basal and of not much greater caliber than the 
regularly succeeding straight secondaries. It is but a step from 
this leaf to that of Czssttes Heertt on the one hand, with its pal- 
mately five-pointed blade; and to such forms of Cissites acumi- 
natus as pl. 5. fig. 4, Cret. and Tert. Fl. on the other; which in 
turn, by the elimination of the decreasing dentate points, gives 
us the leaf figured at 3, p/. 5, Cret. and Tert. Fl. In the second 
series of leaves diverging from the typical, S. cretaceum, pl. 8. 
jig. 1, Later Ext. Fl., is removed a slight distance by the short- 
ening of the blade, the thickening of the primaries and second- 
aries, and the shortening and rounding of the lobes (S. obtusum) ; 
while a smaller leaf would be its iogical descendant; and from 
these leaves to those referred to the typical Czssites salisburiae- 
folius is but a step. In the third series of leaves diverging from 
the typical S. cretaceum, we note that the leaf has its lobes much 
produced, narrow and running to a sharp point, as in the beau- 
tiful leaf on pl. 7. fig. z, Later Ext. Fl., which however is still 
referred to S. cretaceum. Lesquereux’s S. acutilecbum does not 
differ from the preceding except in the direction of the lobes, 
which is scarcely a specific character. From this leaf it is no 
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great jump to those trilobed forms which are referred to Avaha 
Wellingtoniana, the chief difference being in the margin. Thus 
we have an interrelated series connecting those leaves which 
undoubtedly show affinity to Sassafras with those which are 
undoubtedly Platanoid on the one hand, and with others which 
are reasonably rererred to Cissites and Aralia on the other. 

SASSAFRAS MIRABILE Lesq.— Lesquereux says of this leaf 
‘its facies is like that of a Platanus, or of a group referable, 
perhaps, to the Araliaceae, like Platanus nobilis Newb., P. jatro- 
paefolia, and P. hercules Unger, etc.” Its size, texture, obtusely 
dentate borders, and craspedodrome secondaries all stamp it as 
a Platanus, and we prefer to follow Newberry and consider it as 
variety of his P. datiloba. There is a distant resemblance to the 
trilobed forms of Cissites harkerianus, as well as to some forms 
which have been referred to Sassafras cretaceum,; this however, 
is a much larger leaf than the latter, with sub-basal prima- 
ries. 

SASSAFRAS ( ARALIOPSIS) PAPILLOSUM Lesq.—Lesquereux 
writes of this leaf “though the general aspect of the fragment 
is like that of a leaf of Platanus, it has a more evident relation 
to Sassafras ( Araliopsis) mirabile Lesq., from which it differs 
merely by the enlarged lateral lobes, the acutely dentate 
borders, and the papillose teeth; this has a marked degree of 
affinity to Platanus primaeva Lesq. and its varieties.” It is very 
similar to some of the leaves referred to S. cretaceum, especially 
the var. grossedentatum Lesq., and like the latter its more natural 
position is with the leaves of the Platanoid group, resembling as 
it does P. lator, P. dissecta, P. latior grandidentata, etc. 

SASSAFRAS (ARALIOPSIS) PLATANOIDES Lesq.—It is not diffi- 
cult to find analogues of this leaf in widely different genera. 
There are three forms from the Lower Potomac which it resem- 
bles: Avaliaephyllum acutilobum Font., Araliaephyllum aceroides 
Font., and Aceriphyllum aralioides Font. Lesquereux* considers 
it to be closely related to Platanus Heerii, but | fail to detect the 
resemblance in his published figures. Nearly all the five-lobed 
modern leaves of Sassafras resemble this species (S. platanoides) 


3° Cret. Fl. p. 81. 3*Cret. and Tert. Fl., p. 58. 
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in outline, the chief difference being that the main lateral sinuses 
are deeper in the modern leaf, thus giving the lobes somewhat 
orbicular outlines. The position of the primaries is similar; the 
branch from the primary to the extra lobes is similar; the sec- 
ondaries are somewhat straighter in the ancient leaf. Although 
Lesquereux says “it is equally referable to Sassafras or to 
Platanus,” we are disposed to consider the former as representing 
its more natural disposition, not only because of its similarity 
to the modern leaves just pointed out, but also in its narrowly 
produced base, and especially in the first secondary running 
direct to the sinus, as it seems to do in Lesquereux’s figure; 
for although a small portion of this part of the leaf is missing, 
it is so nearly complete on the one side as to leave no alterna- 
tive ending for the secondary in question. 

SASSAFRAS (?) PRIMORDIALE Lesq.—This fragment from the 
Dakota group is of doubtful value. Its only distinguishable char- 
acters, namely the basal lobe with the narrowly extended ter- 
minal lobe and the secondary in the region of the sinus widely 
forked, certainly do not warrant its association with Sassafras. 
Lesquereux notes its resemblance to S. acutilobum and S. 
Mudget. 

SASSAFRAS CRETACEUM GROSSEDENTATUM Lesq.— Lesquereux 
says of this form that it “differs in nothing from the normal 
form except by its large size,with its borders deeply dentate. It 
is evident that the sharply acute teeth constitute a variety indi- 
cated already by the short teeth sometimes seen in the normal 
forms of the species.”’ In all the leaves referred to S. cretaceum, 
however, the base is decurrent on the petiole as in the modern 
Sassafras leaf. Furthermore, in all of Newberry’s figures of the 
species, while the margins are sometimes slightly toothed, the 
secondaries remain camptodrome and do not enter the teeth, 
thus differing from the leaf under consideration as well as from 
Lesquereux’s figures of S. cretaceum,?? in which the secondaries 
are craspedodrome; the base, however, is decurrent> as in New- 
berry’s figures and in the modern leaf. This form differs but 
slightly from S. papillosum, and also bears considerable resem- 

3 Cret. Fl., 77. figs. 1-2. 
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blance to some of Lesquereux’s figures of Platanus latior and some 
of its varieties, as well as to other species of Platanus; and there 
is no doubt in my mind of its Platanoid affinities. 

SASSAFRAS HASTATUM, Newb.—Trilobed, hastate leaves with 
conical lobes, the lateral ones directed horizontally except in 
two specimens which approach somewhat S. progenitor from the 
same formation, especially Newberry’s fig. 5, pl. 27, Fl. Amboy 
Cl., which in all probability should be referred to that species. 
The rest of his figures show the normal form of S. hastatum, 
which differs widely from any leaves which can with any degree 
of certainty be referred to Sassafras; they resemble somewhat 
the fragments referred by Newberry to S. acutilobum. In these, 
although the lateral lobes are horizontal, they are not basal, and 
in consequence the primaries branch from the midrib at an angle 
of about 30° instead of nearly go°, as in S. hastatum. They also 
resemble the Amboy clay leaves referred by Newberry to Arala 
groenlandica; and they also have somewhat the appearance of 
A. polymorpha, but differ in outline. The secondary system is 
more or less obscured, the primaries are horizontal asare the lat- 
eral lobes; all the lobes are conical; and the base is not decur- 
rent on the petiole. No discernible characters hint at any Sas- 
safras affinities; and the outline is so far removed from what 
obtains in any forms of the modern leaf that we are inclined to 
discredit their reference to that genus. 

Of the two remaining forms which have been referred to this 
genus, SASSAFRAS (ARALIOpsISs) sp. Lesq. from the Amboy clays 
of Burts creek, N. J., is of doubtful value ; and Sassarras (ARA- 
LIOPSIS ) CRETACEUM DENTATUM Lesq., representing obscurely den- 
tate leaves of somewhat doubtful affinity, which serve to connect 
his S. cretaceum with its variety grossedentatum, both of which 


varieties seem more nearly related to Platanus than to Sassafras. 

The varying similarity and interrelation of the forms hereto- ; 
fore referred to Sassafras, Aralia, Platanus, Aspidiophyllum, Cis- ; 
sites, etc., clearly indicate that achange must soon be made in 
our conception of these genera; and this not only applies to Sas- 
safras, but to the various forms referred to the other genera as 
well, including also Grewiopsis, Menispermites, Credneria, etc. 
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Ward suggested33 that they be referred to a new genus to be des- 
ignated Protoplatanus, or some similar name indicative of their 
ancestral character; but it seems to me that such a comprehen- 
sive genus would be an unwieldy composite no more satisfactory 
than the present state of affairs, for surely Platanus was not the 
only modern form with this style of a leaf that has Cretaceous 
ancestors. Other Spermatophytes are well represented in strata 
of corresponding age, and analogy leads us to see no reason why 
Sassafras, Aralia, Cissus, Liquidambar, etc., should not be pres- 
ent. We may reasonably expect that the more we know of this 
flora the more it will be found to resemble the existing flora of 
North America; in fact, the tendency of paleobotanists has 
always been to underestimate the age of the American Creta- 
ceous. All, or the majority of the Spermatophytes originally had, 
in all probability, simple leaves; their origin was polyphyletic; 
and it is very possible that a like environment caused lobation 
which was thus more or less similar in all of these genera, 
although the species were quite different in other respects. At 
the present day a series of leaves of Vitis, Ampelopsis, Vibur- 
num, Acer, Platanus, etc., could be obtained which would appear 
to be as closely interrelated as are some of the Cretaceous forms. 


SUMMARY. 


Of the twenty-eight American forms which have been referred 
to Sassafras the following disposition is made: 


Retained in Sassafras: S. dtlobatum, from the Potomac for- 
mation ; S. Mudgei, from the Cheyenne and Dakota sandstones ; 
S. progenitor, from the Raritan and Island series; S. subintegrifo- 
lium, S. platanoides, and S. cretaceum (in part), all from the 
Dakota formation. 

Referred to Aralia: Sassafras acutilobum, doubtfully. 

Referred to Cissites: S. harkerianum, S. obtusum,and S. creta- 
ceum obtusum. 

Referred to Platanus or Protoplatanus: S. dissectum, S. dis- 
sectum symmetricum, S. mirabile, S. papillosum, S. cretaceum denta- 
tum and grossedentatum, and S. recurvatum. 


33 Bull. 37, U. S. Geol. Surv. 
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Doubtful: S. parvifolium, S. cretaceum heterolobum, S. sp. 
Lesq. (from Montana), S. sp. Dawson (from Canada), S. sp. 
Knowlton (from Kansas), S. sp. Lesq. (from New Jersey), S. 
Selwynit, S. Burpeana, S. Leconteanum, S. primordiale, and S. 
hastatum. 


PassAIC, N. J. 


EXPLANATION OF PLATE XVIII.—One-half contours of leaves of Sas- 
safras Sassafras, showing variety of lobation; reduced three-fourths. 
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BRIEFER ARTICLES. 


A DATE-LEAF BOAT OF ARABIA. 


(WITH THREE TEXT FIGURES) 


WHILE traveling up the coast of Arabia last February the writer’s 
attention was attracted to some curious craft made entirely of date 
leaves that came alongside as the ‘‘ Pemba” steamed into the desert 
harbor of Jask on the Arabian coast. The coast of the Persian gulf 
is so barren that one can 
travel for many days along 
it without finding so much : : 
as a single tree or shrub, 
and at this place the only 
plants of any size were - 
some groves of date palms |= 
and a few acacias which 
had been planted by the 
English employees of the ; 
Persian gulf cable com- ie, 
pany, which has a station 


at Jask. 

Wood is so scarce in 4 
the region that even the : 


shrubs as are to be found 

are dug up for fuel, and timber large enough for boat building would 
have to be brought by water from Bombay. It is necessity, there- 
fore, which has invented these curious date boats of Jask. They are 
made of the midribs of the date palm leaves, which are about an 
inch and a half in diameter and ten feet long. These tough mid- 
ribs, from which the leaflets have been removed, are fastened together 
by means of wooden pegs and strong twine in the form of a boat. 
No attempt is made to match joints, but a false bottom is built to the 
craft, and the mass of light midribs that lie beneath this bottom buoy 
the boat up out of the water so that the inside remains quite dry. 
1902] 451 
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Though in the form of a boat, this curious date-leaf affair is really a 

boat-shaped raft, for nothing but the fact that the bottom stands high 

out of the water prevents the waves from entering and flooding it. 
They are not pitched or painted in any way, and would doubtless 


be short-lived were they not dried out carefully on the beach whenever 
the owner is not using them. ‘The paddles are the only parts of the 
boat which are not made of the date palm, being crooked, irregular 
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poles with the sides of some dry goods box for blades. They indicate 
the remarkable dearth of wood in the region. 

They are weird little craft, and add one more use to the list of 
things which can be made from this remarkable desert palm.— Davip 
G. FaircHiLp, Agricultural Explorer, U.S. Department of Agriculture. 


A VARIABLE LARKSPUR. 


THE genus Delphinium, both in the Rocky mountains and in Cali- 
fornia, runs into numerous local races or species. Formerly these 
were classified under a few specific names, but this method had the 
unfortunate result of grouping together without distinction very diverse 
plants. Now we are going to the opposite extreme, and the list of 
species is becoming very long. In all probability we shall eventually 
come to regard the majority of the distinguishable forms as subspecies 
or races only ; but for the present the chief aim is to separate the dif- 
ferent plants, whether or not we can reach final conclusions regarding 
their status. Whatever the nomenclatural outcome, there will evidently 
be much to interest the student of evolution. 

In the Sapello canon, Las Vegas range, New Mexico, a peculiar 
and variable Delphinium is very abundant. The writer in 1g00 
described it as a new species, but the description was not immediately 
published, and presently many new species were recorded from Colo- 
rado and elsewhere, so that the subject became complicated. The 
plant was clearly related to D. occtdentale, and it seemed possible that 
it might be a southern form of D. mu/tiforum Rydberg tgo2. I sent 
specimens representing the variations to Professor Aven Nelson, who 
has an intimate field knowledge of the Rocky mountain larkspurs, and 
he fails to recognize the plant, remarking that it is “certainly a fine 
species.”” He also agrees with me that the specimens sent are all of 
one species. Under these circumstances it seems desirable to publish 
a description. 

Delphinium sapellonis, n. sp.—Strici, up to six feet high: leaves 
tripartite, the lateral divisions large, and themselves almost tripartite : 
flowers very dull-colored: spurs obliquely ascending, slightly curved 
downwards, dark purple above, green below, varying to all pale with 
a dark purple line above: sepals brownish or greenish-white, veined 
with purple: anthers with an indigo-blue longitudinal band: lower 
petals purple, with their apical lobes pale, with light yellow hairs : 
pods with a short but rather dense glandular pubescence: upper part 
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of stem densely glandular-pubescent: flowers more or less glandular- 
pubescent.— Beulah, Sapello canon, described from life, Aug. 11, 1g00. 
The following are variations : 

(z) Lower, about three feet high; heads in bud erect; truncate; 
buds pale green, nodding, the uppermost transverse ; spur about g™" 
long, rather slender and pointed ; “near bracts never reaching beyond 
middle of bud, in most flowers shorter than peduncles ; lower part of 
stem glabrous, with a whitish bloom, upper part and inflorescence 
glandular-pubescent.— Beulah, July 27. 1902. 

(4) Tall ; heads in bud nodding, tapering ; buds, including spur, very 
dark purplish; spur obliquely truncate; 4imear bracts far surpassing 
buds.— Beulah, July 27. 

(c) Heads in bud erect; buds dark purple ; spur rounded, broad 
and thick ; éwear bracts not surpassing buds, little longer than pedun- 
cles.— Beulah, July 29. 

These apparently distinct forms are connected by plenty of inter- 
mediates, and often grow together. 

A specimen of D. sapel/onis has been placed in the U. S. National 
Museum.— T. D. A. CoCKERELL, Zast Las Vegas, N. M. 
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CURRENT LITERATURE. 


MINOR NOTICES. 


WITH THE APPEARANCE of the second fascicle! of the second volume, 
Halicsy’s Flora of Greece is complete. This last fascicle completes Cam- 
panulaceae and closes with Labiatae.—J. M. C. 


A SECOND EDITION of Green’s Forestry in Minnesota? has made its 
appearance. Part I of the first edition? has been better classified and 
extended, and Part II’ which deals with the trees of Minnesota, has been 
brought up to date. The work is certainly deserving of the wide circulation 
which the first edition has received.— H. N. WHITFORD. 


THE SEVENTH VOLUME (2d series) of Contributions from the Botanical 
Institute* of the University of Pavia contains 356 pages of text and twenty 
lithographic plates. There are twenty-five papers and notes, largely crypto- 
gamic, but also concerning the histology of some higher plants and on physi- 
ological subjects. There is also a short biographical sketch and portrait of 
Giuseppe Moretti.— B. M. Davis. 

THE FIRST ANNUAL ISSUE for Botany in the International catalogue of 
scientific literature has appeared, and proves to be only a first part. The 
literature cited is that of 1901, but the work of the ‘ Regional Bureaus’’ has 
not been well organized. In fact, so far as American botanical literature is 
concerned this part might as well not have been issued. The curious ran- 
dom selection of about 150 American titles, sometimes inaccurately cited, 
suggests the hit-and-miss work of clerks who had no access to American 
botanical literature, and no knowledge to enable them to select intelligently 
from such as they did see. This seems especially inexcusable, since a single 
volume of the Aull. Torr. Bot. Club, with its “Index to American literature,” 
would have secured most of the necessary citations of American literature in 
convenient form. ‘The organization for botanical citations must be upon 
some more rational basis before the Catalogue will commend itself to bot- 
anists.— J. M. C. 


*HaLAcsy, E. de, Conspectus Florae Graecae. Vol. II. fasc. Il. pp. 257-612. 
Leipzig: Wilhelm Engelmann. 1902. J 8. 

?GREEN, S. B., Forestry in Minnesota, 2d ed., pp. 401, A/s. 63. figs. 47. St. Paul, 
Minnesota: Pioneer Press Co. 1902. Price 25 cents. 

3 Bor. GAZ. 27: 228. 1899. 

4Atti dell’ Instituto Botanico dell’ Universita di Pavia. II. 7: 1-356. pls. 7-20. 
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RoBinson5 has published an account of the flora of the Galapagos islands, 
being one of the papers from the Hopkins-Stanford expedition. The pecul- 
iar character of the vegetation of these islands was brought to scientific 
attention in 1847 by Sir Joseph Hooker, his material being based chiefly 
upon the collections of Charles Darwin made on the voyage of the “ Beagle.” 
Hooker enumerated 239 species, of which 107 were described as new. In 
1852 N. J. Andersson visited the islands, collecting 338 numbers, which being 
distributed in sets to the leading herbaria have long furnished the chief ref- 
erence specimens for that peculiar flora. Since that time there has been no 
general revision of the flora, although the islands have been visited and 
plants collected on them. The occasion of the present contribution is the 
recent collection secured by the Hopkins-Stanford expedition, and referred 
to the Gray Herbarium by the Zoological Department of Stanford Univer- 
versity. 

The flora of the Galapagos islands is almost wholly American in char- 
acter, but it is impossible to trace its relationship closely to any one section 
of the Pacific American vegetation. The xerophytic elements show a con- 
siderable resemblance to the desert flora of southern Peru and the drier parts 
of the Andes; while the mesophytes correspond most nearly to plants of 
Ecuador, Colombia, Central America, and southern Mexico. The composi- 
tion of the flora is peculiar in the absence of certain great groups. There 
are no gymnosperms, palms, aroids, rushes, Liliaceae; in fact, outside of 
grasses and sedges the monocotyledons are represented by some half dozen 
scattered species. Such characteristic tropical American dicotyledonous 
families as Sapindaceae, Myrtaceae, Melastomaceae, Lythraceae, and 
Onagraceae are scarcely or not at all represented; while the best repre- 
sented dicotyledonous families are Amarantaceae, Nyctaginaceae, Aizoaceae, 
Leguminosae (about Io per cent of the spermatophytic vegetation), Euphor- 
biaceae (about 12 per cent), Malvaceae, Cactaceae, Convolvulaceae, Boragi- 
naceae, Verbenaceae, Labiatae, Solanaceae, Rubiaceae, and Compositae 
(about 13.5 per cent). The statistics show 54 species of pteridophytes and 
445 species of spermatophytes; of the former there are only 3 endemic 
species, of the latter 236, that is, nearly 45 per cent. of the spermatophytic 
flora. Of the 239 endemic vascular plants, 130 are restricted to a single 
island. 

About 30 new species are described, distributed among the following 
genera: Chloris, Peperomia, Pilea, Phoradendron, Froelichia, Telanthera 
(3), Mollugo, Bursera, Acalypha (3), Euphorbia, Cereus (2), Opuntia, Miconia, 
Hydrocotyle, Acnistus, Justicia, Acanthospermum, and Scalesia (5). A new 
species of Glossophora, and a new genus (//erfophyllon) of Rhodophyceae 
are described by Dr. Farlow.—J. M. C. 


5 ROBINSON, B. L., Flora of the Galapagos islands. Proc. Am. Acad. 38: 77-269. 
pls. 1-3. 1902. 
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NOTES ‘FOR STUDENES. 

THE THIRTEENTH PART ( Jour. Linn. Soc. 26 : 538-561. 1902) of Forbes 
and Hemsley’s “ Enumeration of all the plants known from China proper, 
Formosa, Hainan, Corea, the Luchu archipelago, and the Islands of Hong- 
kong” contains the gymnosperms of that very interesting region, the enu- 
meration being as follows: Gnetales 5 spp.(Ephedra 4, Gnetum 1); Conife- 
rales 64 spp. (Libocedrus 1, Thuja 1, Cupressus 2, Juniperus 7, Cryptomeria 
1, Glyptostrobus 1, Cephalotaxus 5, Taxus 1, Torreya 2, Podocarpus 6, Cun- 
ninghamia 1, Pinus 11 [1 new], Picea 6, Keteleeria 4[2 new], Tsuga 4, 
Abies 4, Pseudolarix 1, Larix 6); Ginkgoales 1 sp. ; Cycadales 4 spp. (Cycas). 
—J.M.C. 

THE GERMINATION of dry seeds after exposure to high temperatures has 
been studied by Dixon. After being desiccated for a day at 65° to 75°C., 
and then for another day at go°C., the seeds were subjected to the various 
temperatures for one to two hours, and then planted. In seeds which have 
been subjected to high temperatures germination is much slower than in the 
control. Also growth of the seedling is often abnormal inthe case of heated 
seeds. The author believes, on experimental grounds, that the retardation 
of germination is due to some effect of the heat Jer se, and not to more com- 
plete desiccation. Some maximum temperatures withstood are the follow- 
ing: Avena sativa, 118°; Cucurbita pepo, 112°; Helianthus annuus, 112° ; 
Lotus tetragonolobus, 100°; Convolvulus tricolor, 120°. These experiments 
emphasize again the great importance of imbibed water as a controlling factor 
in protoplasmic phenomena.—BuRTON E. LIVINGSTON. 

CULTURES OF PLANT RUSTS, made by Freeman? during the three months 
from March to June of the present year, are reported in the Aznals of 
Botany for September. The work was done under the direction of Pro- 
fessor Marshall Ward at Cambridge University, and is in line with investiga- 
tions instituted by Professor Ward, and in part already reported. Only 
uredospores of Puccinia dispersa FE. and H. were used, obtained from but 
two hosts, Bromus mollis and B&. sterilis, representing two of the five sections 
of the genus. These were sown upon forty species and varieties of Bromus, 
of which twenty-two showed no infection. Of the remaining kinds five were 
infected by spores from both sources, eleven were only infected by spores 
taken from B, mollis, while B. sterilis was the only kind out of the forty that 
could be infected with spores from ZA. s/erz/is alone. ‘To secure these results 
about fifteen hundred cultures were made. It is such thorough and accurate 
work as this that will eventually give us a clear notion of the relationships of 
our common cereal and meadow rusts.—J. C. ARTHUR. 


© Dixon, H. H., On the germination of seeds after exposure to high tempera- 
tures. Notes from Bot. School Trinity Coll. Dublin 5 : 176-186. 1902. 


7 FREEMAN, E. M., Experiments on the brown rust of bromes (Puccinia dispersa). 
Ann. Botany 16: 487-494. 1902. 
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IN HIS DISCUSSION of the phylogeny of the cotyledon, Lyon ® concludes 
that it is a sucking organ of the embryo derived from the so-called foot of 
bryophytes and pteridophytes. His own summary is as follows: (1) The 
typical embryos of the pteridophytes and angiosperms differentiate into three 
primary members—the cotyledon, stem, and root; (2) cotyledons are not 
arrested leaves but are primarily haustorial organs originating phylogeneti- 
cally as the nursing-foot in the bryophytes and persisting throughout the 
higher plants; (3) the monocotyledonous condition is the primitive one and 
prevails in the bryophytes, pteridophytes, monocotyledons, and some gymno- 
sperms; the two (sometimes more) cotyledons of the dicotyledons are 
jointly the homologue of the single cotyledon of the monocotyledons; (4) 
the cotyledon always occurs at the base of the primary stem; (5) the hypo- 
cotyl is a structure peculiar to the angiosperms, being differentiated between 
the primary stem and root; (6) the so-called cotyledons of the pteridophytes 
and gymnosperms, with the probable exception of Ginkgo and the cycads, 
are true foliage-leaves.—J. M. C. 

ITEMS OF TAXONOMIC INTEREST are as follows: T. E. HAZEN (Mem. 
Torr. Bot. Club 11: 135-250. pls. 20-42. 1902) has: published a revision of 
the Ulothricaceae and Chaetophoraceae of the United States. The species 
recognized in the former family are 8 in Ulothrix, 7 (1 new) in Stichococcus, 
9 (2 new) in Microspora, and 3 in Tribonema; in the later family the species 
are 2 in Microthamnion, 13 (5 new) in Myxonema, 4 (1 new) in Chaetophora, 
4 (1 new) in Draparnaldia, 1 each in Epicladia, Endoderma, and Bolbocoleon, 
2 in Chaetosphaeridium, and 1 in Herposteiron. The 23 colored plates 
illustrate the species very completely.-L. M. UNDERWOOD and W. R. 
MAXON (Bull. Torr. Bot. Club 29: 577-584. 1902), in publishing an account 
of a collection of Cuban pteridophytes, have described new species of 
Alsophila, Polypodium, Asplenium, and Diplazium.—W. A. MURRILL (zdem 
599-608), in his first paper upon the Polyporaceae of North America, has 
presented the genus Ganoderma, recognizing 7 species, and describing 5 of 
them as new.—M. L. FERNALD (Am. Jour. Sci. IV. 14: 167-194. pls. 5-6. 
1902), in studying the relationships of some American and Old World species 
of Betula, has united some well-known trees and shrubs of the two hem- 
ispheres.—J. M. C. 

BREBNER® has published a detailed account of the development of the 
stem in Danaea. The author takes exception to the morphological terms 
phloeoterma and siphonostele, proposed by Strasburger and Jeffrey respect- 
ively, on the ground that they imply certain homologies which he is not 
prepared to accept. As an alternative to these morphological terms, he 

8 Lyon, HAROLD L., The phylogeny of the cotyledon. Postelsia 1901: 55-86. 
1902. 


9 BREBNER,G., On the anatomy of Danaea and other Marattiaceae. Ann. Botany 
16: 517-552. pls. 22-2}. figs. 28. 1902. 
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proposes a large number of purely formal descriptive terms, for which 
the reader is referred to the article in question. According to Brebner, 
“the haplostele (protostele of the young stem) does not pass through a 
medullated stage, but becomes crescentic after the departure of a variable 
number of leaf traces. When this stage is reached, the next leaf-trace passes 
off from the convexity of the crescent, thus causing a distinct leaf gap. Two 
meristeles areleft behind with what is usually regarded as extra-stelar tissue 
between them. The crescent gap is closed, a leaf trace is given off, the gap 
is closed again, etc. By the repetition of the process, followed by branching, 
anastomosis, and increase in the number of leaf trace meristeles, at length a 
network of strands, or the dictyostele, is formed.’ The course of development 
appears to follow substantially that described for the Marattiaceae by Farmer, 
Hill, and Jeffrey. The author states that there is a great deal of uniformity 
in the anatomy of the Marattiaceae, all being adelosiphonic, with a greater or 
less tendency to dorsiventrality.—E. C. JEFFREY. 


DICTYOSTELIUM MUCOROIDES, one of the Myxomycetes, was discovered 
and described by Brefeld in 1869, since which time several investigators have 
studied its morphology and cultural reactions. Nadson, in 1899, asserted 
that he had obtained it in absolutely pure culture, although he found that it 
grew better with bacteria, and especially that a symbiosis existed between 
the mould and 2. fluorescens liguefaciens. Potts,’ however, has found that 
D. mucoroides will not develop entirely free from bacteria, and that the species 
which he isolated in connection with it was a new form, named by him act. 
jimbriatum. By a series of ingenious experiments he determined that 
symbiosis did not take place between YD. mucoroides and either Pact. 
fimbriatum, B. megatherium, B. subtilis, or B. fluor. lig., z. e., that although 
the mould derived benefit from the presence of the bacterium, its effect was 
injurious upon the latter, which underwent extracellular digestion, appar- 
ently by an enzyme secreted by the plasmodium. Living bacteria were 
not necessary to YD. mucorotdes, which could flourish, not upon the 
metabolic bacterial products, but upon the dead organisms. Besides 
D. mucoroides, a protozoan, Amoeba nitrophila, has been found to 
nourish itself through extracellular digestion (see Frosch, Zur Frage der 
Reinziichtung der Amoeben, Centr. b. Bact. 1897). probable that the 
same is true cf many other Myxomycetes and Protozoa whose method of 
nourishment has been problematical. The author made no attempt to iso- 
late the enzyme, but carried out detailed experiments to determine the effect 
of various non-proteid media and of light, temperature, and moisture upon 
cultures of D. mucoroides and Bact. fimbriatum. For the germination of 
spores, oxygen, phosphate, organic substance, and water are necessary. 
Optimum reaction is 0.1 per cent. to 0.2 per cent. alkaline; optimum tempera- 


Ports, GEO., Zur Physiologie des Dictyostelium mucoroides. Fiora gr: 281- 
347. figs. 2. 1902. 
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ture, 23°-25°C. Attempts to isolate the mould with B. Anthracis or a pink 
yeast resulted negatively MARY HEFFERAN. 

AN IMPORTANT CONTRIBUTION to the subject of the relation of parasite 
and host among the plant-rusts has been made by Professor H. Marshall Ward™ 
in the Annals of Botany. The summer (uredo) spores of brown rust were sown 
upon seedlings of all available species of grasses belonging to the genus Bromus. 
The spores were obtained from Bromus mollis, B. sterilis, and B. secalinus. 
The result in general wasthe infection of most species belonging to the 
section of the genus which included the host from which the spores were 
taken, and not of species belonging to other sections of the genus. 

The author undertook to find out if any anatomical or morphological 
differences existed in the hosts which might account for the ‘mmunity of 
some hosts and the susceptibility of others to the attack of the rust, and in so 
doing developed a wealth of data regarding the number of stomata and hairs 
per given area, the size of stomata, the number of leaf ribs and distances 
between them, the comparative area of chlorophyll tissue, and many other 
details that must challenge the admiration of every investigator. Each set 
of data is compared with the “ curve of infection” and the charts so con- 
structed show with great clearness that no correspondence exists. The 
discussion of these data touches upon many points that can not be mentioned 
here, but is most lucid and convincing and ends with the statement, that “we 
are driven to conclude that the factors which govern predisposition on the one 
hand, and immunity on the other, are similar to those which govern fertility 
and sterilty of stigmas to pollen.’’ It is, therefore, to be referred, so far as 
we can now judge, to the quality of nutriment afforded by each host, including, 
doubtless, some less evident factors. 

In carrying on the work it was found necessary to institute an investiga- 
tion into the characters and limitations of the species of Bromus, and consid- 
erable information regarding the seeds and seedlings especially is given. 

Of conditions that inhibit the development of the rust, temperature was 
found to be the most important, the upper and lower limits being about 27° 
and 10° C, respectively. The presence of green algae, or the spores of molds 
and other fungi, had no perceptible effect on the germination of the rust 
spores, neither did the presence or absence of light. 

Although the paper is notable for the breadth and thoroughness of the 
observations, it is even more important for the clear and far reaching conclu- 
sions thatare drawn from the data. It will do much to throw light upon an 
intricate and obscure subject.—J.C. ARTHUR. 


DANGEARD * has recently published an extensive account of the Eugleni- 
neae. The material is very poorly arranged, without index or even a suitable 


™ WARD, H. MARSHALL, On the relations between host and parasite in the bromes 
and their brown rust, Puccinia dispersa (Erikss.). Ann. Botany 16: 233-315. 1902. 


2 P, A. DANGEARD, Recherches sur les Eugleniens. Le Botaniste VIII. fascs. 3-6, 
97-370, pls. 4. figs. 53. 1902. 
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table of contents, and its value is therefore much impaired. Following a 
rambling introduction, partly historical and partly descriptive of structure 
and methods, is a description of the genera and species. This account is 
lengthy and so deficient in keys and synopses as to be of little value to the 
general student. The second part of the paper contains five chapters devoted 
to structural details, movements, nutrition, and methods of reproduction. As 
is well known, the Euglenineae present a wide range of variation in their 
feeding habits. Only one of three families, the Euglenaceae, have a halo- 
phytic nutrition, the other groups entirely lacking chlorophyll. One family, 
the Peranemaceae, engulfs its food as solid material in an animal-like fashion. 
Other forms, the Astasiaceae, are saprophytic, preferring water foul with 
organic matter. The Euglenaceae are especially interesting. Although 
generally containing chloroplasts, they may under certain conditions adopt 
saprophytic habits, when the chlorophyll disappears and the cell is quite 
devoid of pigment. The plastids in such cells are believed to remain as 
leucoplasts, which regain their green color under proper environment. Some 
of the species are normally without color. 

Euglena gracilis is remarkable for its powe1 of adaptation to food rela- 
tions. It becomes colorless under saprophytic conditions, as when cultivated 
in sugar solutions away from light, but it regains its green color very readily 
if brought back toa more normal environment. There are differences of 
opinion as to the behavior of the plastids. Former writers have held that the 
chloroplasts simply lose their color, becoming leucoplasts, which remaining 
in the cell as organized bodies, assume again the chlorophyll when such was 
reformed in the organism. Dangeard believes that the chloroplasts may dis- 
appear entirely and be formed again de novo. 

The chief events of nuclear division are as follows: The resting nucleus 
consists of a nucleolus surrounded by a chromatic spirem which is not 
clearly divided into segments. At division the nucleus elongates, and 
the nucleolus stretches into a rod which appears like an axis in the 
nucleus, the chromosomes arranging themselves parallel to this axis. The 
substance of the nucleolar axis then gradually draws apart in the center and 
accumulates at the poles. The chromosomes distribute themselves in two 
groups, which gradually separate and gather around the two daughter 
nucleoli and the nucleus thus divides directly. In most cases there is no 
trace of a nuclear membrane around the nucleus at any period of its trans- 
formations.— B. M. DavIs. 


FARMER AND HILL’ have described the anatomy and development of 
Angiopteris, Marattia, and Kaulfussia. They find that the central cylinder 
of the stem in the first two genera originates as a solid tracheary rod sur- 


3 FARMER, J. BRETLAND and HILL, T. G., On the arrangement and structure of 
the vascular strands in Angiopteris evecta and some other Marattiaceae. Ann. Botany 
16: 371-402. pls. 16-78. 1902. 
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rounded by phloem (protostele.). Ordinarily, after the exit of a number of 
monodesmi cleaf traces a mass of parenchyma makes its appearance in the 
center of the tracheary tissue, which the authors regard as a true pith or 
medulla. Gradually the ‘‘ pith’’ becomes enlarged as the young stem grows 
stouter. Sieve tubes then make their appearance between it and the xylem. 
Later still an endodermis is formed within the tubular stele (siphonostele), 
but it is not clear from the author’s description whether it originates in such 
a way as to leave their primary “ pith” in continuity with the fundamental 
tissues of the true pith which finally shows itself within the fibrovascular 
zone. It seems probable from the course of development observed in similar 
instances that such is not the case. Sooner or later the fibrovascular 
ring becomes broken up into a zone of separate strands by the overlapping of 
the gaps which occur above the exit of the leaf traces. Subsequently the 
fibrovascular system is further complicated by the appearance of strands run- 
ning through the pith and joining up the walls of the stelar tube just above 
the points of exit of the foliar traces. The increasing complexity of the com- 
missures leads to the extremely involved condition of the fibrovascular system 
which is so characteristic of the adult marattiaceous stem. The authors were 
unable to investigate the ontogeny of a third genus, Kaulfussia, but concluded 
from the structure of the adult stem that the course of development of the 
strands is probably the same as in Angiopteris and Marattia. 

They criticise the term Ahloecoterma proposed by Strasburger to denote 
the morphological boundary between the fibrovascular and fundamental tis- 
sues, and point out with great force the fallacy of admitting the phloeotermal 
value of the endodermal layer which surrounds 7+ 1 fibrovascular strands, 


and denying it where the endodermal zone surrounds only one such strand. 
They conclude that the endodermis has no morphological value as a stelar 
boundary, both on account of its inconstant occurrence and of the frequent 
seriation of its cells with elements inside or outside the central cylinder. They 
consider that the tracheary tissue is the only reliable basis for morphological 
hypotheses, apparently losing sight of the fact that not unfrequently even the 
tracheary elements themselves appear in seriation with endodermal cells, and 
consequently, in accordance with the cell wall reticulum hypothesis, might 
belong outside the stelar system. It appears probable that greater clarity of 
view will supervene in developmental studies when with Sachs we cease to 
regard the cell wall reticulum as having any greater importance than an 
indication of the direction of the forces of growth. The morphological value 
of a structural feature seems rather to depend on its presence in older groups 
and in the young individual of higher groups, etc., than on histogenetic 
details which are extremely unstable in both animals and plants. Incon- 
stancy of occurrence appears further to afford an argument rather for than 
against the ancestral character of any given morphological feature. It may 


cousequently result that Strasburger’s conception of a phloeoterma marking 
the boundary between the stelar and fundamental tissues will ultimately be 
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retained in a modified form, when the present extreme revulsion of the Eng- 
lish school of anatomists from the epoch-making anatomical hypotheses of 
Van Tieghem has reached a condition of equilibrium. 

The present work has resulted in the discovery of cambial activity in the 
parenchyma between the phloem and xylem of bundles in the young stem, 
which brings about the addition of fresh elements to the xylem. The authors 
discuss the parallel first instituted by Mettenius between the root-traversed cor- 
tex of the marattiaceous stem and the somewhat similar tissue present in the 
fossil genus Psaronius. They conclude that the two are not really comparable 
and suggest that in Psaronius the tissue in question results from the fusion of 
roots which are already outside the stem.— E. C. JEFFREY. 


A NEW METHOD of studying the irritability of plant protoplasm has been 
devised and quite extensively applied by Bose". It depends upon the exist- 
ence of electric responses due to stimulation. As in animal muscle and 
nerve, if a limited portion of a plant tissue be injured in any way, there is pro- 
duced a difference of electrical potential between the injured and the unin- 
jured part, and a “current of injury’ results, the injured region being 
positive with reference to the remainder of the tissue. In the case of ani- 
mals a stimulus applied toa tissue exhibiting this current of injury causes a 
momentary but well-marked diminution in the current. A current of response 
or “action current”’ is produced which flows from the more active (uninjured) 
portion to the less active (injured) portion, thus producing a depression in the 
preexisting current of injury. This phenomenon, known in animal physi- 
ology as “ negative variation,’ is found by Bose to occur quite generally in 
plant tissues. Stems, leaf stalks, flower stalks, and roots of various plants 
were used in the experiments. To produce the current of injury a slight 
burn with a potash solution is sufficient. For the negative variation a sharp 
mechanical blow upon the tissue or a slight torsion about its long axis was 
used. Records of the response were taken in the form of curve tracings, 
partly made by hand upon a revolving drum following the migrations of a 
beam of light reflected from the galvanometer, and partly recorded automat- 
ically by this beam upon a sensitive photographic plate. The response is 
found to be determined quantitatively by the intensity of the stimulus produ- 
cing it, but some tissues (e. g., leaf-stalk of turnip, celery, cauliflower) show 
fatigue if a uniform stimulus is repeated too often, and some show the 
so-called ‘stair-case effect’? known for certain animal tissues. 

Another and better method for investigating these phenomena obviates 
injury. The tissue to be tested is fixed firmly at a point between the two 
electrodes and a stimulus is applied on one side of the block thus produced. 
This stimulus (a blow or a torsion) is of course thus confined to the portion 
of the tissue on its own side of the blocking clamp, and a current of response 


4 Bosk, J. C., Electric response in ordinary plants under mechanical stimulus. 
Jour, Linn. Soc. Bot. 35 : 275-304. figs. 25. 1902. 
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is exhibited, the stimulated portion being positive w ith reference to the other. 

Several curious and apparently very important analogies between the 
electric responses in plant tissues and corresponding ones in those of animals 
were brought out. (1) In stale nerve the current of response is the reverse 
of what it is in fresh; it flows from the less excited to the more excited, but 
with very strong stimulation the response becomes again like that in the fresh 
material. Exactly the same phenomena are observed in plant tissues. (2) 
Decrease in temperature causes decrease in response in animals. In plants 
this is also true where the tissue is otherwise known to be easily affected by 
cold. Butin hardy plants a lowering of temperature, unless it nears the 
death point, does not have much affect. (3) High temperatures nearing the 
death point produce a fall in the intensity of response in both animals and 
plants. This electric method furnishes an immediate and direct means of 
determining the death point, for here and beyond no response can be obtained. 
(4) Anaesthetics and poisons have the same effect on the electric response in 
plants asin animals. With the application of the reagent the response is 
gradually depressed until it finally ceases altogether. (5) In some cases of 
poisons where a large dose produces depression and annihilation of response, 
a small dose acts as a stimulating agent and produces a rise in the response 
curve. Thisis also known in some animal tissues. 

These results seem to be almost a proof of the underlying identity, or at 
least remarkable similarity, of plant and animal protoplasm, and hence are to 
be regarded as exceedingly important and fundamental. I cannot resist the 
temptation to suggest here, in view of the long-continued discussions as to the 
point where life gives place to death, that we have perhaps in this electric 
response the best criterion yet discovered for determining when a tissue is 
alive and when dead. An arbitrary definition of life might be an aid in some 
cases, and probably the best one which can be framed (if the properties 
here described are shown to be general) is that protoplasm is alive when it 
exhibits electric currents of response.—BURTON E. LIVINGSTON. 


RECENT STUDIES UPON REGENERATION: T. H. MORGAN (Columbia Univ. 
Biol. Series VIII. The Macmillan Co., N. Y. 1901) has published a volume 
dealing with regeneration in general, especially in animals. Chapter four is 
devoted to regeneration in plants, and the familiar work of Véchting and 
Goebel is cited, though practically nothing that is new is introduced. Morgan 
holds, as do most authors, that in plants a latent bud develops, while in animals 
there is a restoration at the cut surface. He does not accept Goebel’s idea 
that this is due to the fact that plants have latent buds and hence do not 
have to restore the lost part as do animals. He opposes Sachs’ theory of 
“ Stoff und Form,” as well as Goebel’s modification of this theory; buds do 
not remain latent because poorly fed, nor do they grow because they are well 
fed. Morgan fails entirely to accept natural selection as a cause for the 
development of the capacity to regenerate ; organs which are not subject to 
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injury often regenerate, and organs of no value often replace valuable organs 
that were lost. Natural selection, he thinks, could not at once cause a lost 
organ to be perfectly restored, yet only a perfect restoration would be of any 
value. Teleological and vitalistic viewpoints are not looked upon with 
especial favor. 

K. GoEBEL (Biol. Centrabl. 22 : 385-397, 417-438, 481-505, 1902) has been 
stimulated by the recent work of Morgan and Driesch to present the present 
condition of our knowledge concerning regeneration in plants. He cites certain 
ferns in which regeneration occurs in the normal life history, while there are 
other cases in which a stimulus is necessary; the former live in moist, the 
latter in dry situations. In Bryophyllum the latent leaf buds commonly 
develop only when the leaf has fallen to the ground; if the midrib be cut, 
they develop while still on the parent plant. So too the removal of the stem 
buds causes the leaf buds to develop. Goebel thus thinks that there is a 
correlation beween the stem and leaf buds, the latter being normally 
inhibited from lack of food, If all leaf buds are removed, new primordia 
(Andagen) appear at the leaf base. Other plants in which leaf buds occur 
are cited. Goebel has also worked on young plants of Cyclamen, a genus 
which was shown by F. Hildebrand in 1898 to have remarkable powers of 
regeneration. Hildebrand found that if the blade of the first leaf were 
removed, a kidney-shaped wing, resembling the lost leaf, was regenerated 
on each side of the petiole, and at the cut surface. If part of the blade is cut 
it is restored much as in animals; if the cut is made down on the petiole, the 
regenerated leaves may have stalks. If the young tuber is cut, leaves develop 
around the cut edge. An interesting summary is given of botanical litera- 
ture dealing with regeneration. 

Other papers on regeneration may be briefly noted: E. HEINRICHER, 
also J. PALISA (Ber. Deutsch. Bot. Gesell. 18: 1og-121, 398-410. Ig00) have 
studied regeneration in Cystopteris. Palisa found that any epidermal cell in 
the bulbil leaves can regenerate a bud capable of becoming a new plant. 
H. WINKLER (Jahrb. Wiss. Bot. 35:447-469. I900) has studied Bryopsis, 
which years ago Noll found to display a reversal of polarity. Noll ascribed 
this to the influence of gravity, but Winkler has shown that light is the deter- 
mining factor. He suggests that the best nourished parts regenerate stems 
and the most poorly nourished parts rhizoids; the migration of chloroplasts 
toward the light may thus be the decisive factor in the case. Winkler 
regards the development of rhizoids at the stem pole as a case of heteromor- 
phosis—the first noted in plants. This author also holds that a number of 
plants regenerate from the cut surface, rather than from buds, exactly as in 
animals.— F. (Ber. Deutsch. Bot. Gesell. 18: 444-451. 1900) accepts 
Winkler’s view that light is the leading factor, but thinks that heteromorphosis 
has been known in plants though not distinctly claimed.— H. WINKLER (Ber. 
Deutsch. Bot. Gesell. 20:81-87. 1g02), as well as Hildebrand and Goebel, 


} 
| 
: 
| 


466 BOTANICAL GAZETTE [DECEMBEh 


has been studying Cyclamen. Among his important results, we may note 
that the place at which regeneration occurs may be altered by putting a 
plaster of Paris cap over the cut end of the petiole. A similar cap or a coat 
of shellac over the leaf causes regeneration without cutting. —S. PROWAZEK 
(Biol. Centralbl. 21:87-95, 144-155. 1901) and O. HUBNER (Zool. Jahrb. 
15: 461-498. Ig02) have studied regeneration, chie fly in animals, though 
working on a few plant forms. Hiibner adheres to Weismann’s adaptation 
theory and thinks that the capacity for regeneration has been developed by 
natural selection.— H. C. COWLES. 


SOME RECENT BULLETINS of the United States Bureau of Forestry add to 
the knowledge of the silvicultural (ecological) behavior of certain trees. 
Olmsted '5 discusses the relation of three forest societies in Arkansas. The 
‘pine ridges’ are the most xerophytic. More than 50 per cent. of the ridges 
have pine, 38 per cent. being short-leaf pine (Pézzs echinata Mull.) and 16 
per cent. loblolly pine (Pzzus ¢aeda Linn.). The remaining portion comprises 
oaks and other deciduous trees. Seedlings of the pines mentioned are found 
not to be tolerant of shade. In more mesophytic conditions, on the “ pine 
flats,’ the loblolly pine comprises 34 per cent. of the growth, and the short- 
leaf pine only 20 per cent., the remaining being deciduous trees. In the 
hydro-mesophytic conditions along streams, the so-called “ hardwood bot- 
toms,” the pines are entirely absent. This is due to the fact that these lands 
are frequently flooded, also the ground is too heavily forested for the germi- 
nation of pine seedlings. The author gives silvicultural notes on the most 
important species, and in part two discusses the management of the forest. 

In another bulletin Allen * shows that the western hemlock (7suga hete- 
rophylla Sargent) requires a climate with a heavy rainfall, and that it is 
exceedingly tolerant of shade. This latter characteristic is of very great 
importance in determining the composition of the forest in which it grows. 
The author also gives an excellent report of the insects that infest the tree, 
and emphasizes the fact that its usefulness as a lumber, tanning, and paper 
pulp tree has been greatly underestimated.—- H. N. WHITFORD. 


'SOLMSTED, F. E., A working plan for forest lands near Pine bluff, Arkansas. 
Bureau For. U.S. Dept. Agric. Bull. 32. pp. 48. Als. 77. figs. 9. 1902. 


© ALLEN, E. T., The western hemlock. Bureau For. U.S. Dept. Agric. Bull. 33. 
pp. 55. pls. 72. 1902. 
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NEWS. 


Dr. H. O. JuEL has been promoted from a docentship to a professor- 
ship in the University of Upsala. 

THE LAMARCK HERBARIUM has been secured by the French government 
and deposited at the Jardin des Plantes. 

M. A. Howe, of the New York Botanical Garden, is engaged in a sur- 
vey of the algal flora of the Florida Keys. 


PROFESSOR WLADISLAW ROTHERT, of Charkow, has been elected pro- 
fessor of botany in the University of Odessa.—SCIENCE. 

Dr. ADRIEN LEMAIRE, well known for his works on diatoms, on the 
anatomy of roots, etc., died at Nancy, October 23, Igo2. 


Dr. J. B. DETonI has been appointed Professor of Botany and Director 
of the Botanic Gardens at the University of Modena, to succeed the late 
Professor Antonio Mori. 


F. S. EARLE, of the New York Botanical Garden, is in Jamaica, in com- 
pany with William Fawcett, investigating the diseases of logwood, banana, 
cocoanut, ginger, and pineapple. 


THE SECOND VOLUME of Coulter and Chamberlain’s Morphology of 
Spermatophytes, entitled Morphology of Angtiosperms, is in the hands of the 
publishers, D. Appleton and Company. 


PEARSON'S COLLECTIONS of Hepaticae have been secured by the Na- 
tional Herbarium at the British Museum. It contains about 9,000 speci- 
mens, among which are many types and the material used in preparing 
several well-known papers. 


Ernst A. BESSEY, explorer of the U. 5S. Department of Agriculture, has 
returned from his journey into Turkestan, and has entered the University of 
Halle for further botanical study. The easternmost point reached by him 
was Andijan, in the province of Ferghana.—-SCIENCE. 

THE CAMBRIDGE UNIVERSITY Press will shortly publish the first volume, 
containing the introduction, the gymnosperms, and the monocotyledons, of a 
new introduction to systematic botany by Dr. Rendle. The work, which is 
entitled “A systematic account of the seed-plants,’’ is to be in two volumes 
and will be fully illustrated. —Jour. Bor. 


THE FIRST number of a new mycological journal, entitled “ Annales 
Mycologici’’ and edited by Professor H. Sydow of Berlin, will appear in 
January 1903. The closing statement of the announcement is as follows: 
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“It will be seen from the foregoing that the Annales Mycologici are de- 
stined to supply a long-felt want. In fact every mycologist will not be able 
to get on without them, nor will any botanical museum be able to possess an 
up-to-date library without taking in the new periodical.” 


KuicHI MiyaKE (Ph. D. Cornell 1902) has recently received an appoint- 
ment from the government of Formosa for two years travel and study in 
Europe. Dr, Miyake is a graduate of the Doshisha College in Japan, after- 
ward spending four years at the Tokyo Imperial University, after which he 
entered Cornell University in September 1899, where he has spent two years 
in continuing his graduate work, giving especial attention to fertilization 
and embryology in the Phycomycetes and in the Abietinae. 


POSTELSIA, the yearbook of the Minnesota seaside station, has ap- 
peared, containing the following papers for 1901: Uses of marine algae in 
Japan, by K. YENDO; Remarks on the distribution of plants in Colorado, 
east of the divide, by FRANCIS RAMALEY; The phylogeny of the cotyledon, 
by HAROLD L. Lyon; Botanizing in Jamaica, by ELOISE BUTLER; Algae 
collecting in the Hawaiian islands, by JOSEPHINE E. TILDEN; The distribu- 
tion of marine algae in Japan, by K. Yendo; The kelps of: Juan de Fuca, by 
Conway MACMILLAN. 


FROM THE New Phytologist we learn the following facts in reference to 
some of the more important botanical papers read at the Belfast meeting of 
the British Association, in addition to those recorded in Bot. GAZ. 34: 320. 
1902. Z. C. Bose showed his experiments on the electrical response of 
plant tissues to mechanical stimulation; A. MACFAYDEN gave an account 
of the researches conducted by him and S. ROWLAND on the suspension of 
life at low temperatures ; H. H. Dixon gave an account of some experi- 
ments on the resistance of seeds to high temperatures; Miss MATTHAEI 
presented a paper on the effect of temperature on carbon dioxide assimila- 
tion; F. W. OLIVER gave a preliminary account of an investigation of 
Torreya being made by him and Miss EpirH Cuick; Miss MARGARET 
BENSON spoke of the seed-like fructifications of Miadesmia (Lycopodiales), 
and of a group of sporangia that may be the first known example of a spore- 
producing member of the Cycadofilices; L. PRAEGER read a paper on the 
composition of the flora of northeastern Ireland. We have already noted 
(Bor. GAz. 34: 320. 1902) the papers of J. Reynolds Green (the president), 
A. C. Seward and Sybille Ford, J. C. Willis, Harold Wager, H. Wright, and 
Messrs. Seward and Arber. 
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GENERAL INDEX. 


The most important classified entries will be found under Contributors, Hosts, 


Personals, and Reviews. 


New names and names of new genera, species, and varieties 


are printed in bold-face type; synonyms in #falics. 


A 


A. A. A.S., Section G., Pittsburg meet- 
ing 159 

Abrams, L., work of 239 

Abronia, arenaria 364; cheradophila 
364; fragrans glaucescens 364 

Acalypha 456 

Acanthospermum 456 

Acer 311; rubrum 385 

Acerates longifolia 389 

Acleisanthes 382 

Acnistus 456 

Aconitum 77 

Acrasieae 315 

Acrasis 316 

Acritochaete 76 

Acrostichum 381 

Actoplanes 149 

Adams, C. C., work of 385 

Adiantum 382 

Aecidium 77, 239; Fraxini 6; rubellum 
15; Rumicis 15 

Afrardisia 148 

Afrocalathea 149 

Agaricus campestris, spores of 231 

Agave americana, spindle formation in 
243 

Agrostis 239 

Alabama, flora of 386 

Albugo, Bliti 421; candida 420; Trago- 
pogonis 421 

Algae at Beaufort, N. C. 384 

Allen, E. T., work of 466 

Allionia, glandulifera 364; linearis 365 

Allium 382; Cepa, electrical conductivity 
of 87 

Alnus 155 

Alsophila 458 

Amarantus, electrical conductivity of 91 

Amblyanthopsis 148 

Ambrosia fomentosa 34 

Ammophila 384, 385 

Amphoranthus 311 

Anderson, A. P., personal 80, 319 

Andropogon virginicus 385 

Anemarrhena 237 

Anemia 381 
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Anemone, Canadensis 18; Pennsylvanica 
18 

Angiopteris, anatomy of 461; evecta 72 

Annales Mycologici 467 

Anogra, albicaulis 368; Nuttallii 368; 
pallida 368 

Antennaria 114; alpina 116; alsinoides 
117; ambigens 121 ; argentea aberrans 
124; arnoglossa 119; arnoglossa ambi- 
gems 121; Brainerdii 120; dectpiens 
122; fallax 121; Farwellii 118; labra- 
dorica 116; meglecta subcorymbosa 118; 
nemoralis 122; neodioica 117 ; neodioica 
attenuata 117 ; neodtoica petaloidea 118; 
occidentalis 123); Parlinii 119; Par- 
linit ambigens 121; FParlinii arno- 
glossa 119; petaloidea 118; petaloidea 
modesta 118; petaloidea scariosa 118; 
plantaginea 122; plantaginifolia 122; 
propinqua 120; rupicola 117 

Antipodals, function of 244 

Antrophytum 381 

Apple trees, a root rot of 65 

Arachniopsis, 76 

Arber, personal 320, 468 

Arctic plants, ecology of 69 

Argemone 155; dipfinnatifida 366; his- 
pida 366 

Artemisiopsis 239 

Arthur, J. C. 1, 68, 78, 150, 153, 240, 457, 
460; personal 319; work of 155 

Aruncus astilboides 246 

Arundinaria, tecta 19; Uredineae upon 1 

Arzichowsky, W., work of 152 

Asclepiadaceae, morphological study of 
389 

Asclepias, Cornuti 389; incarnata 389; 
obtusifolia 389; phytolaccoides 389; 
rubra 389; Sullivantii 389; tuberosa 
389; verticillata 389; viridiflora 389 

Ascocorticium 76 

Asimina 387 

Aspidium 382 

Asplenium 382, 458; pinnatifidum, tera- 
tological 142 

Aster 155 

Astilhe japonica 246 

Astragalus 381, 382 
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Athyrium 382 

Atkinson, G. F. 36; work of 381 

Atmospheric factors 136 

Atriplex 355; acanthocarpa 356; aptera 
356; argentea 358; argentea 360; 
canescens 356; Carnosa 36] ; conferti- 
folia 356; cuneata 357 ; eremicola 358 ; 
expansa 358; hastata 361; hymenely- 
tra 356: lapathifolia 361; Nuttallii 
357; pabularis 357; patula 361; phil- 
onitra 358; Powellii 359; saccaria 
359; spatiosa 360; Suckleyana 360; 
tenuissima 359; truncata 360; Wolfii 
359 

Auxanometer, new form of self-register- 
ing 154 

Avena sativa 153; germination of 457 

Avicennia 386 

Azolla, caroliniana 414; filiculoides 414; 
root-hairs, cap, and sheath of 414. 


B 


Baccharis 385 

Bailey, L. H., personal 388 

Banana, disease of 310 

Banker, H. J., work of 381 

Barbula, 76, 231 

Basidiomycetes, fusion of nuclei 156 

Bates, J. M., personal 159 

Batis 386 

Baur, E., work of 378 

Beck von Mannagetta G. R., work of 309 

Benson, Margaret, personal 468 

Berry, E. W., 44, 426 

Bessey, C. E., personal 159 

Bessey, E. A., personal 467 

Beta vulgaris, electrical conductivity of 85 

Betula 458 

Biota orientalis 250 

Biotic factors 137 

Blechnum 382 

Bleeding 70 

Boerhaavia 382 

Boletus 381. 

Bolley, H. L., personal 157; work of 
150 

Boodle, L. A., work of 72, 74 

Bose, J. C., personal 468; work of 463 

Botanical club, A.A.A.S., Pittsburg meet- 
ing 157 

Botanical Gardens of Peradeniya 157 

Bot. Soc. Amer. 319; grants of 158; 
Pittsburg meeting 159 

Brachythecium 231 

Brauneria 155 

Brebner, G., work of 458 

Briggs, L. J., work of 232 

Britton, Mrs. E. G., personal 159; work 
of 311 
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Britton, N. L., personal 157, 159, 319; 
work of 239 

Bromus 155; mollis 457, 460; secali- 
nus 460; sterilis 457, 460 

Bruncken, E., work of 149, 387 

Bryophyllum, regeneration in 465 

Bryopsis, regeneration in 465; plumosa, 
reproduction of thallus 377 

Bryum 231 

Buchenau, F., work of 149 

Burkill, I. H., work of 380 

Bursera 456 

Buscalioni, L., work of 238 

Butler, Eloise, personal 468 

Caeoma, Fraxinites 6; Fraxinatum 6 

Cakile 384 

Calathea 149 

Caldwell’s “ Laboratory Manual” 148 

Camarosporium 239 

Camassia esculenta 307; Suksdorfii 307 

Campanula 312 

Campbell’s “ University text-book” 67 

Cannon, W. A., personal 159, 320 

Cape Cod, vegetation of 384 

Capnorea 312 

Cardot, J , work of 231 

Carex, zone of 131 

Carya 387 

Castilleia 155, 312 

Cerasus demissa melanocarpa 25 

Ceratopteris thalictroides 71 

Cercis 387 

Cereus 456 

Cephalanthus 385 

Cephalozia 76 

Chaetophoraceae 458 

Chaiaecyparis 385 

Chamberlain, C. J. 76, 145, 153, 234, 243, 
244, 312; personal 159, 467 

Chandler, H. P. 194 

Chara 387 

Characiella 76 

Chenopodium 361; cycloides 363; des- 
iccatum 362; glaucum 361; lepto- 
phyllum 362; leptophyllum 363: lepto- 
phyllum subglabrum 362; Moquini 
363; olidum 362; subglabrum 362; 
succosum 361 ; Watsoni 362 

Chicago flora 387 

Chick, Edith, personal 468 

China, plants from 457 

Christ, H., work of 381 

Chloris 456 

Chylocladia kaliformis, cystocarp of 153 

Ciboria 239 

Clautriau, G., work of 151 

Clark, H. W., personal 376; work of 387 
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Claviceps 77 

Clinton, G. P., personal 320; work of 381 

Clistoyucca 231 

Clitocybe 381 

Cockayne, L., work of 236 

Cockerell, T. D. A. 453; work of 381 

Cocoanut, fruit of 236 

Cocos nucifera 236 

Coenonia 316 

Cole, Emma J., work of 387 

Composite, zone of 131 

Conandrium 148 

Conocarpus 386 

Convolvulus 155; tricolor, germination 
of 457 

Contributions from the U. S. National 
Herbarium 157 

Contributors: Arthur, J. C. 1, 68, 78, 150, 
153, 240, 457, 460; Atkinson, G. F. 36; 
Berry, E. W. 44, 426; Chamberlain, 
C.J. 76, 145, 153, 234, 243, 244, 312; 
Chandler, H. P. 194; Cockerell, T. 
D. A. 453; Cook, M.T. 64; Copeland, 
EK. B. 142, 152, 161, 260; Coulter, J. M. 
63, 69, 79, 71, 75> 77> 140, 147, 148, 
149, 154, 155, 231, 232, 234, 235, 236, 
237; 238, 239; 310, 311, 315, 376, 381, 
455, 456, 457, 458; Cowles, H. C. 309, 
316, 466; Davis, B. M. 73, 152, 153, 
156, 455, 461; Fairchild, D. G. 230, 
451; Frye, T. C. 389; Greenman, 
J. M. 307; Harper, R. A. 378, 382; 
Harris, J. A. 314, 317; Heald, F. D. 81, 
241; Hefferan, Mary 459; Howe, C. D. 
149; Jeffrey, E. C. 71, 72, 74, 235, 238, 
458, 461; Johnson, D. S. 321; Krae- 
mer, H. 341; Land, W. J. G. 70, 239, 
240, 249; Leavitt, R. G. 414; Livings- 
ton, B. 71,73. 1945-232) 235) 290; 
242, 377, 378, 379, 457, 463; iy 
Florence M. 147, 377; MacMillan, C. 
224, 313; McCallum, W. B. 93, ee 
Nelson, A. 21, 355; Nelson, Elias 114; 
Ramaley, F. 140; Reed H. S. 125; 
Rehder, A. 246; Schneider, A. 109; 
Schrenk, H. von 65, 377; Shull, G. H. 
381; Smith R. E. 231; Snow, Laetitia 
M. 284; Spaulding, P. 310; Stevens, 
F. L. 420; Whitford, H. N. 69, 140, 


I 72, 233; Worsdell, W. C. 216 


Cook, M. T.64; personal 157, 159, 376; 


work of 71, 387 
Cook, O. F. personal 157 


Copeland, E. B. 142, 152, 161, 260; per- 


sonal 159; work of 242 
Corallinae 155; from Port Renfrew 152 
Cornus florida 387 
Cortinarius 381 
Corydalis 312 


455. 406; Wilcox, E. M. 66; Wolfe, 


Cotton, J S., work of 381 
Cotyledon, phylogeny of 458 
Coulter, J. M. 68, 69, 70, 71, 75, 77, 146, 
147, 148, 149, 154, 155, 231, 232, 234, 
2355 236, 237, 238, 230, 310, 311, 315, 
» 381, 455, 456, 457, 458; personal 
150, 319, 
Coulter S., personal 37 
Coville, F. V., personal 159, 160 
Cow pea 69 
Cowles H.C. 309, 316, 466; personal 159, 
320; work of 387 
Crataegus, cerronis 370; macrantha 371; 
Piperi 371; rivularis 370; sheridana 
370; Wheeleri 369 
Croton maritimus 384 
Crucibulura 76 
Cryptanthe 155, 312; depressa 29; How- 
elli 30; mu/ticaulis 30 
Cryptoporus 239 
Ctenophrynium 149 
Cucumis sativus, electrical conductivity 
of 90 
Cucurbita pepo, germination of 457 
Cucurbitaria 239 
Cummings, Clara E., work of 69 
Cupressus, Benthamiana 250; thyoides, 
diseases of 377 
Cyathia 76 
Cycadofilices 235 
Cyclamen, regeneration in 465 
Cymatella 38 
Cynodontium 231 
Cyperus 155 
Cystopteris, regeneration in 465 
Cytology, progress of 240 


D 


Dadoxylon Spenceri 73 

Dame and Brouks’ “ Handbook of New 
England trees” 149 

Danaea, development of stem 458 

Dandeno, J. b., personal 319 

Dangeard, P. A., work of 460 

Darwin, F., work of 379 


Dasya elegans, reproduction of thallus 377 

Date-leaf boat 451 

Matura, laevis, double fertilization in 238; 
Stramonium, double fertilization in 238; 


latula, double fertilization in 238 
Davis, B. M. 73, 152, 153, 156, 455, 4061 
Davis, C. A., work of 387 
DeBoissieu, H. D., work of 312 
DeCandolle, personal 319; work of 

312 
Dekindtia 7 
Delaware coast, ecology of 284 
Delphinium, multiflorum 453; occidentale 

453; sapellonis 453 
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DeToni, J. B., personal 467 

Diastase, and cytological changes 236 

Diatrypella 239 

Dicaeoma, Arundinariae 18; Distichlidis 
13; Phragmitis 15 

Dicranum 76, 231 

Dictybole 42; texensis 43 

Dictyostelium 316; mucoroides 459 

Diplazium 458 

Diplophylleia, albicans 372; apiculata 
372; obtusifolia 372; scapanioides 374; 
scapantoides 374; taxifolia 372 

Diplophyllum, gymnostomophilum 374; 
gymnostomophilum 374 

Dischidia, complex 314; pectenoides 314; 
Raffiesiana 315; with double pitchers 
314 

Discocalyx 148 

Discocyphella 38 

Discomycapsella 239 

Dismal swamp, vegetation of 384 

Dixon, H. H., personal 468; work of 457 

Doctors of philosophy, statistics of 320 

Dondia 363; depressa erecta 364; erecta 
304: Moquini 363; multiflora 364; 
suffrutescens 364 

Dorner, H. B., personal 37 

Doryopteris 382 

Double fertilization, in Solanaceae 238; 
Strasburger on 212 

Draba, streptocarpa 366; surculifera 366; 
uber 366 

Duggar, b. M., personal 319 

Durand, E. J., work of 239 

Duvel, J. W. T., personal 159, 320 

Dyer, W. Thistleton, personal 79 


E 


Earle, F.S., personal 467 ; work of 76 

Eastwood, Alice, work of 155, 239, 312; 
“Flora of the south fork of King’s 
river’ 146 

Echinocactus 77 

Edaphic factors 135 

Egg, as basis of classification 313 

Eggert, H., work of 239 

Electrical conductivity of plant juices 81 

Ellis, work of 155 : 

Ellisia, mzcrocalyx 210; ranunculacea 210 

Elymus 77, 155, 233. 239 

Encycla purpurea 23 

Engler, A., personal 388; work of 76, 
316; “‘Das Pflanzenreich” 148; and 
Drude’s “ Vegetation der Erde” 309; 
and Prantl’s “ Natiirlichen Pflanzen- 
familien”’ 146, 235 

Enomegra 365; bipinnatifida 366; his- 
pida 366 

Entosthodon 231 
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Eocronartium 381 

Eomycenella 36; echinocephala 37 

Eoterfezia 38; parasitica 41 

Eoterfeziaceae 40 

Errera, L., work of 151 

Erigeron 77, 233 

Ericksson, J., work of 77, 153 

Eriogonum 155; awreum 23; aureum 
ambiguum 23; aureum glutinosum 23; 
chrysocephalum 23; crassifolium tec- 
tum 23; fruticosum 23; fruticosum 
ambiguum 23; fruticosum glutinosum 
23; daxifolium 23; laxifolium 
23; Orendense 21; ovalifolium purpu- 
reum 23; tomentosum 386 

Erodium cicutarium, trichome structures 
of 140 

Erysipheae, ecology of 382 

Euglena gracilis 461 

Euglenineae 460 

Euphorbia 456; dulcis, polyembryony in 
153 

Eustace, H. J., personal 158 

Euthamia graminifolia 383 

Everhart, work of 155 

Expansion, measurement of 154 


Fagus 385 

Fairchild, D. G., 230, 451 

Farlow, W. G., work of 456 

Farmer, J. B., work of 461 

Fawcett, W., work of 310 

Faxon, C. E., personal 388 

Fedtschenko, B., work of 382 

Ferguson, Margaret C., work of 231 

Fernald, M. L., work of 77, 458 

Ferns, anatomy of 72, 74 

Fertilization ot Phycomcetes 420 

Festuca 239; elatior 153 

Flammula 381 

Flax disease 150 

Fiorida keys 386 

Forbes, H. O., work of 457 

Ford, Sybille, personal 320, 468; work 
of 71 

Forest societies in Arkansas 466 

Forestry, bureau of 248, 319, 320, 388, 
466 

Franseria, discolor 34; tomentosa 35 

Fraxinus, Americana 8; lanceolata 7; 
nigra 8; Pennsylvanica 8; pudescens 
8; sambucifolia 8, viride 7 

Freeman, E. M., work of 457 

Freeman, W. H., personal 376 

Froelichia 456; Floridana 386 

Frye, T. C. 389; personal 320 

Fuller, G. D., personal 319 
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Fungi, of Maine 146; of Tuskegee, Ala- 
bama 155 

Fusarium Lini 150 

Fusicladium 239 

G 

Gaertneria, Grayi 35; tomentosa 34 

Gage, C. S., personal 320 

Galapagos islands, flora of 456 

Galloway, b. T., personal 160, 319 

Galtonia candicans, mitosis in 234 

Ganoderma 458 

Gardner, Blanche, work of 239 

Garrya 

Gattinger, A., work of 386 

Gentiana, acuéa strictifora 26; bracteosa 
25; calycosa xantha 26; Parryi 25; 
strictiflora 26 

Georgia, flora of 386 

Geotropism, method of investigating 379 

Geranium 70 

Germination and phosphorus compounds 
380 

Gies, W. J., personal 79 ; work of 236 

Gilg, E., work of 76 

Gilia 155, 382; floccosa 28; Merrillii 27 ; 
Wilcoxii 27 

Ginkgo, polyembryony in 64 

Glacial lake, ecology of 125 

Gleichenia 381, 382; pectinata 74 

Gloeocephala 38 

Glossophora 456 

Glyceria 381 

Gnaphalium, plantaginea 122; plantagi- 
nifolium 122 

Goebel, K., work of 465; “ Organogra- 
phy” 145 

Golden, Katherine E., personal 37 

Gramineae, zone of 131 

Granularia 76 

Green, J. R., personal 320, 468 

Green’s “ Forestry in Minnesota 455 

Greene, E. L., work of 311 

Greenman, J. M., 307; work of 70 

Grenacheria 148 

Griffiths, David, work of 77 

Groom, Percy, personal 320 

Guignard, L., work of 238 

Guttulina 316 

Guttulinopsis 316 

Gymnocladus 387 

Gymnoconia 77 

Gymnosperms, anatomy of 154 

Gymnosporangium, biseptatum 377; El- 
lisii 377 

Gwynne-Vaughn, work of 72 


H 


Halacsy’s “ Flora of Greece ” 455 
Hall, H. W., work of 77 
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_Halopegia 149 
Halsted, B. D., personal 159 
Haplosporella 23 
Harding, H. A., personal 157 
Harper, R. A. 378, 382; work of 386 
Harris, J. A. 314, 317 
Harshberger, J. W., work of 377, 383, 384 
Hartig, Robert, work of 69 
Harvey, L. H., personal 320 
Hassenkamp, A., work of 153 
Hazen, T. E., work of 458 
Heald, F. D. 81, 241; “‘ Elementary Bi- 
ology 147 
Heckeria, development and germination 
of seed 325 
Hedycock, G. G., personal 159 
Hedysarum 382 
Hefferan, Mary 459 
Heinricher, E., work of 465 
Heldreich, ‘Tl. von, death of 388 
Helenium 312 
Helianthus 76; annuus 72; germination 
of 457 
Helminthostachys zeylanica 72 
Hemizonia 239 
Hemsley, work of 457 
Hennings, P., work of 155, 239 
Hepaticae, Pearson’s collections of 467 
Heredity. and nucleolus 239 
Herpophyllon 456 
Herrera, A. L., work of 378 
Hesperaloe 231 
Hesperoyucca 231 
Heydrich, F., work of 233 
Hill, E. J., work of 387 
Hill, T. G, work of 72, 461 
Hiller, Mary F., personal 376 
Hitchcock, A. S., personal 159 
Hollick, A., personal 157, 159, 160; work 
of 381, 384 
Holway, E. W. D., personal 247 
Hopkins, A. D., personal 157 
Hosts: Anemone, canadensis 18, penn 
sylvanica 18; Arundinaria tecta 19; 
Avena sativa 153; Bromus, mollis 457, 
460, secalinus 460, sterilis 457, 460; 
Festuca elatior 153; Fraxinus, ameri- 
cana 8, lanceolata 7, nigra 8, pennsyl- 
vanica 8, pubescens 8, sambucifolia 8, 
viride 7; Ilex 155; Phleum. Michelli 
153, pratense 153; Phragmites, com- 
munis 16, 18, Phragmites 16, 18; 
Rheum KRhaponticum 16; Kumex, 
crispus 16, obtusifolius 16; Secale 
cereale 153; Spartina, cynosuroides 3, 
8, 11, 14, glabra 4, 8, gracilis 4, 14, 
patens 4, 8, polvstachya 8 
Hoteia japonica 246 
Howe, C. D. 149; personal 320, 383 
Howe, M.A., personal 159, 467; work of 76 
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Hiibner, O.. work of 466 
Hudsonia 384 

Huron river valley, ecology of 125 
Hus, T., work of 72 

Hydnum 381 

Hydrocotyle 456 

Hydrocyanic acid in Prunus 232 
Hydrodynamic factors 135 
,Hydrophyllum 239 

Hypericum 77; 77 
Hypnum 231 

Hypodermopsis 76 


I 
Ikeda, T., work of 244 


Ilex 155; vomitoria 384 

Illosporium 239 

Indiana, Greencastle 387; Winona lake 
387 

International catalogue 455 

Intracellular karyogamy 156 

Ionization of soil 241 

Ishikawa, C., work of 70 

Isoetes lacustris, stem anatomy of 377 

Iwanow, L., work of 380 


J 


Jeffrey, E. C. 71, 72, 74, 235, 238, 458, 
401; personal 79; work of 154 

Jepson’s “School flora” 376 

Johnson, D. S., 321; work of 384 

Jones, M. E., work of 382 

Journal of Mycology 80 

Juel, H. O., personal 467 

Juglandaceae, embryology of 75 

Jungermannia, odtusifolia 372; scapant- 
oides 374 

Justicia 456 


K 


Karsten, George, work of 75 

Karyogamy, intracellular 

Kaulfussia, anatomy of 461 

Kearney, T. H.. work of 384, 385 

Kellerman, W. A., personal 80; work of 
155 

Kirkwood, J. E., personal 160; work of 
230 

Klinggraeff, H. von, death of 247 

Kny, L., work of 73 

Kohl, F. G., work of 154 

Komarov’s “Flora of Manchuria” 69 

Kraemer, Henry 341; personal 159 

Krug, W. H.. personal 139 

Kuckuck, P., work of 378 

Knuth, R., work of 70 

Kupfer, Miss E. M., personal 160 
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L 


Laboulbeniaceae 146 

Laguncularia 386 

Lake Erie, plants of western 387 

Lamarck herbarium 467 

Land, W. J. G. 70, 239, 240, 249 

Lapham, M. H., work of 232 

Lappula 312, 381; columbiana 28; cu- 
cullata 29; heterosperma homosperma 
29; fexana 28 

Larix leptolepis, chromosome reduction 
in 70 

Lavauxia, drachycarpa 369; Howardi 
368; priminervis 369 

Lawson, A. A., personal 320 

Leavitt, R. G. 414 

Leimbach, G., death of 247 

Lemaire, Adrien, death of 467 

Lepidobotrys 76 

Leptotaenia 382 

Lesquerella macrocarpa 366 

Lichens, development of apothecia 378; 
of Labrador 69 

Light, causing change of form and struc- 
ture 98 

Lindsaya 72 

Liquidambar 385 

Liriodendron 387; evolution of 51; phy- 
logeny of 44; Tulipifera, leaves of 44 

Lisianthus 312 

Livingston, B. E., 71, 73, 154, 232, 
236, 242, 377, 378, 379, 457, 463; per- 
sonal 320; work of 387 

Lloyd, F. E., personal 157, 158; work 
of 234, 286 

Lotus, tetragonolobus, germination of 
457 

Louisiana, flora of 386 

Lulham, R. B., work ef 72 

Lupinus angustifolius, seedlings of 380 

Lutz, M. L., work of 235 

Luze, G., work of 239 

Lyon, Florence M., 147, 377; personal 
320 

Lyon, H. L., personal 468; work of 237, 
458 


M 


MacDougal, D. T., personal 158, 159, 
160 

Macfarlane, J. M., work of 240 

Macfayden, A., personal 468 

MacElwee, A., work of 384 

Mackenzie’s Manual” 310 

MacMillan, C. 224, 313; personal 468; 
work of 152 

Macoun’s “Catalogue of Canadian plants” 
376 
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Madia 155 

Maine, fungi of 146 

Makino, ‘T., work of 155 

Malvastrum, coccineum 24; coccimeum 
dissectum 25; coccineum elatum 25; 
Cockerelli 24; dissectum 24; dissectum 
24; elatum 25 

Mamillaria 77 

Marantaceae 149 

Martinella gymnostomophila 374 

Marattia, anatomy of 461 

Massart, J., work of 151, 152 

Matsumura, J., work of 155 

Matthaei, Miss, personal 468 

Maxon, W. R., personal 158; work of 
438 

McCallum, W. B. 93, 236; personal 160 

MclJonald, F. E., work of 387 

Medicago denticulata, root tubercles of 
237 

Melanosciadum, 312 

Melilotus alba, root tubercles of 109 

Merrill, E. D, work of 77, 155, 239 

Mez, C., work of 148 

Micheli, Mare 319 

Michigan flora 387; Huron valley 387; 
plant societies in 387 

Miconia 456 

Microseris, 311 

Mills, W. M., work of 387 

Mimosa pudica as a weed 228 

Mimulus 155; alsinoides 31; Lewisii 
tetonensis 31; membranaceus 30 

Missouri Botanical Garden, Herbarium 
and Library of 247 

Mississippi, insular flora of 386 

Mitosis in JLiliaceae 234 

Miyake, K., personal 319, 320, 468 

Mohr, C., work of 386 

Moist air causing change of form and 
structure 105 

Molisch, H., work of 70 

Mollugo 456 

Monocotyledonous seedlings, vascular 
system in 237 

Monocotyledons, development of root 238 

Monophrynium 149 

Monophyllanthe 149 

Monotagma 149 

Moore, S. LL... work of 239, 311 

Morgan, A. P., work of 77 

Morgan, T. H., work of 464 

Mori, A., death of 247 

Morus 387 

Mosses 76; of Alaska 231 

Mount Ktaadn 383 

Murrill, W. A., personal 160; work of 
458 

Mutchler, F., personal 376 

Myrica cerifera 384 


Myrmecophilous ferns 317 
Myrsinaceae 148 
N 

Nectaropetalum 76 

Neger, F. W., work of 382 

Nelson, Aven 21, 355; “Key” 147 

Nelson, Elias 114 

Nemophila 194, 239; alata 206; 
marta 204; aurita 197; Aus/inae 207; 
Brandegei 201; breviflora 210; Cong- 
dont 200; decumbens 212; densa 206; 
divaricata 211; diversifolia 212; ext- 
gua 206; exilis 211; exilis pulchella 
214; fallax 212; flaccida 211; glauca 
211; gracilis 211; heterophylla 201; 
hispida 211; humifusa 207; humulus 
200; *maegualis 211; tnconspicua 208, 
209; @msignis 201; tnsignis atomaria 
204; tntermedia 201 ; Johnsoni 204; Kel- 
log gti 209; Kirtleyi 199 ; 201; 
macrocarpa 201; macrophylla 209; 
maculata 199; Menziesii 201; J/en- 
test? 204; Menziesii atomaria 204; 
Menziesii integrifolia 205; 
minutifiora 206; micrantha 209; micro- 
calyx 210; microcalyx 210; modesta 
201 ; 200; memorensts 211; parvi- 
flora 209; parvifora 210; parviflora 
quercifolia 210; pedunculata 207; 
phacelioides 198; /Vaskett?? 209; 
pratensis 208; pulchella 214; pustulata 
209; guercifolia 210; racemosa 198; 
rolata 205; sepulta 206; spatuiata 
208; fenera 211; venosa 204 

New Jersey, forest 384; pine barrens and 
sphagnous bogs 384; strand flora 384 

New Zealand plants, seedlings 236 

Nicotiana rustica and ‘Tabacum, double 
fertilization in 238 

Nidula 76 

Nidulariaceae 76 

Niphobolus 382 

Nomenclature, committee on 157 

North America, Silva of 388 

Norton J. B. S., personal 159; work of 
155 

Nuclear division in Euglena 461 

Nucleolus and heredity 239 

Nuphar, advena 71; electrical conductiv- 
ity of 88; zone of 130 

Nutrition causing change of form and 
structure 99 

Nyctaginaceae 382 

Nymphaea odorata 71 

Nyssa 387; sylvatica 385 


O 


Obione argentea 360 
Ocracoke island, vegetation of 384 
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Oenothera, albicaulis 368; brachycarpa 
369; Howardi 368; humifusa 384; 
Johnsoni 369; Mectallii 368 

O’Gara, P. J., work of 311 

Ohleriella 76 

Olive, E. W., personal 320; work of 315 

Oliver, F. W., personal 468 

Olmsted, F. E., work of 466 

Opulaster, opudifolius 367; Ramaleyi 367 

Opuntia 456 

Orcutt, C. R., work of 77 

Oreocarya Cana 30 

Orthocarpus 381 

Orthotrichum 231 

Oscillatoria beggiatoides 152 

Ostenfeld’s ** Flora Arctica” 147 

Osterhout, W.J. V., work of 243 

Overton, J. B., personal 319 

Oxytheca 77, 233 


P 


Panicularia 155 

Panicum amarum 386 

Palisa, J., work of 465 

Parker, H. N., work of 235 

Pearson, H. H. W., work of 314 

Péchoutre, F., work of 235 

Peck, C. H., work of 381 

Pedaliophyton 76 

Peirce, G. J., personal 159; work of 237 

Penicillium glaucum and amides 235 

Pentstemon, caesfitosus suffruticosus 31; 
comarrhenus 31; confertus 33; Owenii 
32; procerus 33; Strictus 31; suffrutes- 
cens 31; xylus 31 

Peperomia 312, 456; germination of seeds 
329; pellucida 329 

Periconia 76 

Perkins, Janet, work of 312 

Peronospora parasitica 422 

Personals: Anderson, A. P. 80, 319; 
Arber, 320, 468; Arthur, J. C. 319; 
Bailey, L. H. 388; Bates, J. M. 159; 
Benson, Margaret 468; Bessey, C. E. 
159; Bessey. E. A. 467; Bolley, H. L. 
157; Bose, J. C. 468; Britton, Mrs. E. 
G. 159; Britton, N. L. 157, 159, 319; 
Butler, Eloise 468; Cannon, W. A. 159, 
320; Chamberlain, C. J. 159, 467; 
Chick, Edith 468; Clark, H. W. 376; 
Clinton, G. P. 320; Cook, M. T. 157, 
159, 376; Cook, O. F. 157; Copeland, 
E. B. 159; Coulter, J. M. 159, 319, 467; 
Coulter, S. 376; Coville, F. V. 159, 160; 
Cowles, H. C. 159, 320; Dandeno, J. B. 
319; De Candolle, C. 319; De Toni, J. 
B. 467; Dixon, H. H. 468; Dorner, H. 
B. 376; Duggar, B. M. 319; Duvel, J. 
W. T. 159, 320; Dyer, W. Thistleton 
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79; Earle, F. S. 467; Engler, A. 388; 
Eustace, H. J. 158; Faxon, C. E. 388; 
Ford, Sybille 320, 468; Freeman, W. 
H. 376; Frye, T.:C. 320; Fuller, G. 
D. 319; Gage, C. S. 320; Galloway, 
B. T. 160, 319; Gies, W.J.79; Golden 
Katherine E. 376; Green, J. R. 320, 
468; Groom, P. 320; Halsted, B. D. 
159; Harding, H. A. 157; Harvey. L. 
H. 320; Hedgcock, G. G. 159; Held- 
reich, T. von 388; Hiller, Mary F. 376; 
Hitchcock, A. S. 159; Hollick, A. 157, 
159, 160; Holway, E. W. D. 247; 
Hopkins, A. D. 157; Howe, C. D. 320; 
Howe, M. A. 159, 467; Jeffrey, E. C. 
79; Juel, H. O. 467; Kellerman, W. A. 
80; Kirkwood, J. E. 160; Klingyraeff, 
H. von 247; Kraemer, H. 159; Krug, 
W. H. 319; Kupfer, Miss E. M. 160; 
Lawson, A. A. 320; Leimbach, G. 247; 
Lemaire, A. 467; Livingston, B. E. 320; 
Lloyd, F. E. 157, 158; Lyon, Florence 
M. 320; Lyon, H. L. 468; MacDougal, 
D. T. 158, 159, 160; Macfayden, A. 
468; MacMillan, C. 468; Matthaei, 
Miss 468; Maxon, W. R. 158; McCal- 
lum, W. B. 160; Micheli, M. 319; 
Miyake, K. 319, 320, 468; Mori, A. 
247; Murrill, W. A. 160; Mutchler, F. 
376; Norton, J. B.S.159; Olive, E. W. 
320; Oliver, F. W. 468; Overton, J. B. 
319; Peirce, G. J. 159, 319; Pollard, 
Li. 2803. Pond, Ri 320; 
Praeger, L. 468; Preston, C. E. 320; 
Pringle, C. G. 79, 157; Ramaley, F. 
468; Rane, F. W. 159; Rendle, A. B. 
467; Rennert, Miss R. J. 160; Rose, J. 
N. 319; Rothert, W. 467; Rowland, S. 
468; Rydberg, P. A. 160; Sargent, C, 
S. 79, 388; Schrenk, H. von 157, 159, 
160; Scott, D. H. 79; Selby. A. D. 
158, 159; Setchell, W. A.232; Seward, 
A. C. 320, 468; Shafer, J. A. 158; 
Shear, C. L. 157, 158, 159; Snow; 
Laetitia M. 79; Schmid, B. 247; 
Stevens, F. L. 79, 157, 158, 159, 160 ; 
Stevens, W. C. 319; Stewart, F. C. 
157, 158; Stewart, F. L. 159; Stuart, 
W. 247, 376; Sydow, H. 247, 467; 
Sydow, P. 247; Thomas, M. Bb. 377; 
Thornber, J. J. 160; ‘Tilden, Josephine 
E. 468; Torrey, J. 160; Trelease, W. 
160; Treub, M. 79; True, R. H. 160: 
Underwood, L. M. 160; Vries, H. de 
319; Wager, H. 320, 468; Walker, Mrs. 
S. B.79; Weiss, F. E. 388; Whetzel, 
H. H. 377; White, Miss V. S. 160; 
Whitford, H. N. 320; Wiesner, J. 319 ; 
Wilcox, E. M. 159; Willis, J. C. 247, 
320, 468; Woods, A. F. 158, 160; 
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Wright, E. P. 388; Wright, H. 320, 
468: Yendo, K. 468; Youse, Lucy 377; 
Zelemy, C. 160 

Pertusaria communis, development of 
apothecia 379 

Phacelia 155, 311; corrugata 26 

Phacelophrynium 149 

Phloeoterma 458, 461 

Phleum, Michelii 153; pratense 153 

Phragmidium 239 

Phragmites, communis 16, 18; Phragmites 
16, 18; Uredineae upon I 

Phoradendron 456 

Phosphorus compounds, transformation 
in 380 

Phycomycetes, fertilization of 420 

Phyllactinia, germination experiments, 
382 

Phyfloglossum, prothallium of 74 

Phytogeography, recent contributions to 
American 383 

Pierce, G. J., personal 159, 319 

Pieters, A. J., work of 386 

Pilea 456 

Pilger, R., work of 76 

Pinus, Banksiana 251; echinata 466; 
halepensis 309; nigra 309 ; rigida 384; 
Strobus 251; taeda 385, 466 

Piper 312; adunca 321; medium 321; 
ovule, seed and fruit of 321 

Piper, C. V., work of 381 

Piperaceae, development of 321 

Pistaciopsis 76 

Plagiothecium 231 

Plankton, effect of dissolved O and CO? 
235 

“Plant Breeding,” new edition of 388 

Plant, distribution 149; formation 316; 
juices, electrical conductivity of 81; 
societies 129, 290 

Plectascineae, key to genera 41 

Piectrothrix 239 

Pleiostachya 149 

Pleomassaria 239 

Pleurococcus miniatus and amides 235 

Plowman, A. B., work of 241 

Poa 155 

Podocarpus Makoyl, vivipary in 234 

Pollard, C. L., personal 157, 159; work of 
382, 386 

Polyembryony, in Euphorbia dulcis 153; 
in Ginkgo 64 

Polygonum 155 

Polypodium 381, 458; carnosum 317; 
sinuosum 317; vulgare, teratological 143 

Polyporaceae 458 

Polysiphonia 71 

Polysphondylium 316 

Polystichum 381, 382 

Polytrichum 231 


Pond, R. H., personal 320 

Populus, zone of 131 

Porphyra 72 

Portulaca, electrical conductivity of 91 

Postelsia 468 

Potamogeton, zone of 129 

Potato tuber, experimental morphology 
of 242 

Potentilla 77, 233 

Potter, M. C., work of 240 

Potts, George, work of 459 

Praeger, L., personal 468 

Pressure, osmotic and gas I51 

Preston, C. E., personal 320 

Pringle, C. G., personal 79, 157 

Proc. Indiana Acad. Sci. 376 

Proserpinaca palustris, stimulus causing 
change of form and structure 93 

Protoplasm, irritability of plant 463; 
nature and origin of 378; of Schizo- 
phytes 152 

Protostele 216 

Prowazek, S., work of 466 

Prunus, hydrocyanic acid in 232 

Pseudocalea 239 

Pseudomelasmia 155 

Pseudomonas destructans 240 

Pteridophytes, anatomy of 154; Cuban 
458 

Pterygophora californica 152 

Puccinia 77, 155; Arundinariae 18; 
arundinacea 15; dispersa 457 ; Distich- 
lidis 13; Fraxinata 6; glumarum 77; 
graminis 77, 153; peridermiospora 6; 
Phlei-pratensis 153; Phragmitis 15; 
rubella 15; Seymouriana 11; simil- 
lima 17; sfarganioides 6 

Puttemansia 155 

Pyrenula nitida, development of 379 


Quercus, Marylandica 387; rubra 384; 
velutina 384 


R 


Ramaley, F., 140; personal 468 

Rane, F. W., personal 159 

Ranunculus arvensis, variation in floral 
organs 380 

Raphanus sativus, electrical conductivity 
of 88 

Raphidium polymorphum and amides 
235 

Reed, H.S. 125; work of 387 

Regeneration, recent studies upon 464 

Rehder, A., 246 

Rehoboth beach 284 

Rendle, A. B., personal 467 

Rennert, Miss R. J., personal 160 
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Reviews: Caldwell’s ‘ Laboratory man- 
ual” 148 ; Campbell’s “ University text- 
book” 67; Dame and Brooks’ ** Hand- 
book of New England Trees” 149; 
Eastwood's “ Flora of the south fork of 
King’s river” 146; Engler and Drude’s 
“Vegetation der Erde” 309; Engler 
and Prantl’s “ Natiirlichen Pflanzenfa- 
milien”’ 146, 235; Goebel’s “ Organog- 
raphy” 145: Greene’s “Forestry in 
Minnesota” 455; Haldcsy’s “Flora of 
Greece” 455; Heald’s “Elementary 
Biology” 147 ; Jepson’s “School flora” 
376; Komarov’s “* Flora of Manchuria” 
69; Mackerzie’s ‘* Manual” 310; Ma- 
coun’s “ Catalogue of Canadian plants” 
376; Nelson’s “ Key” 147; Ostenfeld’s 
* Flora Arctica” 147 ; Saccardo’s “Syl- 
loge fungorum’”’ 68; Weisner’s “ Die 
Rohstoffe des Pflanzenreiches” 146, 
231 

Rhacomitrium 231 

Rheum Rhaponticum 16 

Rhizobia, biology of 109 

Rhizobium, leguminosarum 109; mutabile 
III 

Rhizophora 386 

Rhodophyceae, homology of tetrasporan- 
gium 233 

Rhytisma 155 

Riccia Campbelliana 77 

Ricker, P. L., work of 146 

Robinson, B. L., work of 77, 456 

Robison, C. H., work of 376 

Romanzoffia 311 

Root, development of in monocotyledons 
238 

Root rot of apple trees 65 

Root-tip, geotropism of 379; tubercles of 
Medicago denticulata 237 

Rosaceae, ovule and seed of 235 

Rose, J. N., personal 319 

Rosenvinge, L.. K., work of 71 

Rothert, W., personai 467 

Rowland, S., personal 468 

Ruhland, W., work of 156 

Rumex, crispus 16; obtusifolius 16 

Rusts, of cereals 77; cultures of 457; 
relation of parasite and host 460; of 
timothy 153 

Rydberg, P. A., personal 160 

Rysselberghe, F. van, work of 151 


Saccardo’s “Sylloge fungorum ” 68 
Sadiria 148 

Salicornia 385, 386 

Salix, longifolia 385; zone of 131 
Salsola 386 


Salts, causing change of form and struc- 
ture IOI 

Samuela 232 

San Jacinto mountain, botanical survey 
of 233 

Sap pressure 70 

Sappinia 316 

Sarcophrynium 149 

Sargant, Ethel, work of 237 

Sargent, C. S., personal 79, 388 

Sassafras, notes on 426; acutilobum 438; 
bilobatum 435; Burpeana 442; creta- 
ceum 444; cretaceum dentatum 448; 
cretaceum grossedentatum 447; cre- 
taceum heterolobum cretaceum 
obtusum 436; cretaceum recurvatum 
438; dissectum 443; dissectum sym- 
metricum 444; harkerianum 442; 
hastatum 448; Leconteanum 438; 
mirabile 446; Mudgei 437; obtusum 
436; papillosum 446; parvifolium 434; 
platanoides 446; primordiale 447 ; pro- 
genitor 443; Selwynii 442; subinteg- 
rifolium 441 

Saunders, C. F., work of 384 

Scalesia 456 

Scapania, albicans taxifolia minor 372; 
gymnostomophila 374 

Schizophytes, protoplasm of 152 

Schmid, b., death of 247 

Schmidle, W., work of 76 

Schneider, A. 109 

Schniewind-Thies, J., work of 234 

Schrenk, H. von 65, 377; personal 157, 
159, 160 

Schumann, K., work of 149 

Scilla sibirica, mitosis in 234 

Scleroderma 239 

Sclerospora, fertilization of 420 

Sclerotinia 239 

Scott, D. H., personal 79; work of 73 

Scribner, F. Lamson, work of 23 

Scutellaria 77; Churchilliana 77 

Secale cereale 153 

Secotium 239 

Seedlings 236 

Seeds, classification of 224; germination 
of in high temperatures 457 

Selby, A. D., personal 158, 159 

Semiaquilegia 155 

Senecio 70 

Serenoa 356 

Setcheil, W. A., personal 2 

Seward, A. C., personal 32 

Shafer, J. A., personal 158 

Shaw, C. H., work of 383 

Shear, C. L., personal 157, 158, 159; 
work of 239 

Shrubs 388 

Shull G. H. 381 
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Sida dissecta 24 

Silva of North America 388 

Siphonostele 458 

Sitanion 239 

Small, J. K., work of 76 

Smith, R. E. 231 

Snow, Laetitia M. 284; personal 79 

Soil, ionization of 241 

Soils, physics of 232 

Solanum tuberosum, electrical conduc- 
tivity of 86 

Solenostele 217 

Solms-Laubach, H. Graf zu 377 

Sorosporium 77 

Spalding, V. M., work of 387 

Spaulding, P. 310 

Spartina 77, 385; Bakeri 77; cynosur- 
oides 3, 8, 11, 14; glabra 4, 8; gra- 
cilis 4, 14; patens 4, 8; polystachya 8; 
Uredineae upon I 

Sphaeropsis, malorum 311; rhoina 311 

Sphagnum, zone of 131 

Spindle formation in Agave americana 
243 

Spiraea, astilboides 246; japonica 246; 
japonica 246; salicifolia 246; Webb’s 
study of 246 

Stachyphrynium 149 

Starch grain, structure of 341 

Starke, J., work of 151 

Stenopteris 381 

Stevens, F. L.420; personal 79, 157, 158, 
159, 160 

Stevens, W. C., personal 319 

Stewart, F. C., personal 157, 158, 159 

Stipa 77, 233; eminens Andersoni 66; 
Hasset 66 

Stomata, mechanism of 242 

Strasburger, E., work of 312 

Streptanthus 155 

Strophostyles 386 

Stuart, W., personal 247, 376 

Styracaceae 312 

Suaeda, depressa erecta 364; fruticosa 
multiflora 364; suffrutescens 364; Tor- 
reyana 363 

Sydow, H., personal 247, 467 

Sydow, P., personal 247 

Symbryon 312 

Synthyris, flavescens 33; Ritteriana 
obtusa 34 


T 


Tansley, A. G., work of 72, 237 

Taxodium 385, 386; distichum 386; im- 
bricarium 386 

Taylor, Miss A., work of 311 

Telanthera 456 

Telaranea 76 


Temperature, causing change of form 
and structure 100 

Tennessee flora 386 

Tensions, influence upon cell growth 73 

Tetracrium 155 

Tetrardisia 148 

Tetrasporangium,in Rhodophyceae 233 

Thaxter, R., work of 146 

Thelesperma 312 

Thelephora galactina, and root rot of 
apple trees 65 

Theriot, I., work of 231 

Thomas, A. P. W., work of 74 

Thomas, M.B., personal 377 

Thornber, J. J., personal 160 

Thuja, archegonium of 252; fertilization 
in 255; morphological study of 249; 
pollen grain of 250; proembryo of 256; 
ventral nucleus of 253 

Thuretella Shonsboei, cystocarp of 153 

Tilden, Josephine E., personal 468 

Tilletia 77 

Tobler, F., work of 377 

Torrey, J. C., personal 160; work of 236 

Tracy, S. M., work of 386 

Transpiration stream 161, 260; bibliog- 
raphy of 274 

Trees and shrubs 388 

Trelease, W., personal 160; work of 231 

Tremellodendron 381 

Treub, M., personal 79 

Trichome structures of Erodium cicu- 
tarium 140 

Trichostomum 231 

Tricyrtis hirta 244 

Trisetum 239 

Tropaeolaceae 149 

True, R. H., personal 160 

Tsuga heterophylla 466 

Tulipa Gesneriana, mitosis in 234 

Turnip rot 240 

Typha 385 


U 

Ulota 231 

Ulothricaceae 458 

Umbelliferae of Japan, revision of 146 

Underwood, L. M., personal 160; work 
of 458 

Uniola 385, 386; paniculata 384 

United States, southeastern, as center of 
distribution 385 

University of California 232; of Pavia, 
contributions from 455; of Vermont 157 

Uredineae 1, 247 

Uredo, peridermiospora 6; Phragmitis 15; 
rubella 15; striola 15 

Uromyces, acuminatus 3; Spartinae 3 

Ustilagineae 381 

Ustilago 77 
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V 


Valonia ovalis, zoospore production in 378 

Vanderlinden, E., work of 151 

Van Tieghem, Ph., work of 313 

Variation, statistical in flowers of Ranun- 
culus arvensis 380 

Vascular system of gymnosperms and 
pteridophytes 154 

Vascular tissue, evolution of 216 

Verbena 239 

Verhuellia 312 

Vermont, delta plain in 383 

Vernonia 312 

Verschaffelt, E., work of 232 

Vicia faba, seedlings of 380; cell division 
in root tips 239; sativa, seedlings of 
380 

Vigna sinensis 69 

Viola 382; canadensis 311 

Vittaria, elongata 311; lineata, morphol- 
ogy and anatomy of 311 

Vivipary in Podocarpus 234 

Vochting, H., work of 242 

Vries, H. de, personal 319 


W 


Wager, H., personal 320, 468 

Walker, Mrs. S. B., personal 79 

Walker prizes in Natural History 80 

Ward, H. M., work of 460 

Webera 231 

Weiss, F. E., personal 388 

Whetzel, H. H., personal 377 

Whipple, G. C., work of 235 

White, Miss V.S., personal 160; work of 
76, 381 
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Whitford, H. N. 69, 149, 455, 466; per- 
sonal 320; work of 387 

Wiesner, J., personal 319; “Die Roh- 
stoffe des Pflanzenreiches” 146, 231 

Wilcox, E. M. 66; personal 159 

Williams, E. F., work of 383 

Williams, R. S., work of 76 

Willis, J. C., personal 247, 320, 468 

Winkler, H., work of 467 

Wolfe, J. J. 72, 233 

Woods, A. F., personal 158, 160 

Woods Hole 319; morainal depressions 
near 383 

Worsdell, W. C. 216 

Wright, E. P., personal 388 ; work of 377 

Wright, H., personal 320, 468 

Wulff, T., work of 69 


x 
Xanthidium discolor 34 


¥ 


Yabe, Y., work of 146 

Yapp, R. H., work of 317 

Yendo, K., personal 468; work of 152, 
155 

Youse, Lucy, personal 377; work of 387 

Yucca 231 

Yucceae 231 


Z 


Zaleski, W., work of 380 
Zelemy, C., personal 160 
Zimmermanniella 155 
Zoospores, production of 378 
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